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(54) Image forming apparatus 

(57) The object of the present invention is to provide 
an image forming apparatus which can forms a high- 
quality image with high resolution while stabilizing po- 
t ntial and size of an electrostatic latent image and in 
which the wearing of electrodes and a latent image car- 
rier can be reduced, thereby improving the durability 
thereof. The image forming apparatus comprises a la- 
tent image carrier 2 and a substrate 3a on which a plu- 
rality of writing electrodes 3b are formed along the axial 
direction of said latent image carrier. The latent image 
carrier 2 and the substrate 3a are arranged in elastic 
contact with each other so as to form an electrostatic 
latent image on the latent image carrier 2. 



FIG. 1(B) 
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D scription 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an image 5 
forming apparatus which forms an electrostatic latent 
image onto a latent image carrier by writing electrodes 
of a writing device being in elastic contact with the latent 
image carrier. 

[0002] Among conventional known image forming ap- 
paratuses, there is a type of using a large number of 
needle electrodes to form an electrostatic latent image 
onto a latent image carrier. In an image forming appa- 
ratus of this type of using needle electrodes, an electro- 
static latent image is formed onto a latent image earner 
by discharge from the needle electrodes. The needle 
electrodes are employed as discharge portion of this im- 
age forming apparatus because such a needle elec- 
trod can discharge at the lowest possible starting volt- 
age and has an acute tip that is preferable in terms of 
improving the image resolution. Generally, the needle 
electrodes are arranged to have a slight space from, i. 

. in non-contact with, the latent image carrier and the 
formation of an electrostatic latent image onto the latent 
image carrier is conducted by discharge phenomenon. 
[0003] However, variation of starting voltage for dis- 
charge due to fluctuation in the space directly causes 
th scatter in potential of the electrostatic latent image, 
leading to major image defects such as linear stains, ir- 
regularities, interruption, blur, and/or dusts. Accordingly, 
to stably keep the space constant, the needle electrodes 
are required to have high precision and high rigidity and 
a holding member of positioning and supporting the nee- 
dle electrodes is also required to have high precision 
and high rigidity. In addition, the needle electrodes 
should be precisely positioned on a bus line of the latent 
image carrier in the circumferential direction of the latent 
image carrier. If not, the fluctuation in the space should 
be occurred and thus uniform charge can not be en- 
sured. Further, run-out of the rotational axis of the latent 
image carrier is sure to cause fluctuation in the space. 
For this, spacers are provided for controlling the space. 
However, in case of high-speed printing in which the la- 
tent image carrier rotates at a high ratio, it is hard or 
impossible to keep the space constant due to vibration. 
As a result, the printing speed should be set at a lower 
spe d. 

[0004] As a means for solving the aforementioned 
problems, an image forming apparatus has been pro- 
posed in Japanese Patent Publication No. S63-45104 
(hereinafter, '104B publication), in which needle elec- 
trodes are kept in contact with a latent image carrier 
coated by an organic glass and lubricant oil is applied 
to the latent image carrier to pr vent wearing or damage 
of the latent image carrier due to th contact of the nee- 
dle electrodes. 

[0005] However, the invention of '104B publication 
has another problem of wearing of the needle elec- 



trodes. The wearing of the needle lectrodes causes 
variation in starting voltage for discharge, leading to 
change in size of the electrostatic latent image and 
change in charged potential. Since application of oil to 
the latent image carrier is necessity for reducing the 
wearing, developing powder such as toner can not di- 
rectly deposited so that the latent image carrier can only 
functions as an intermediate image transferring medi- 
um. 

[0006] As mentioned above, the type of using a large 
number of needle electrodes has a problem that scatter 
in potential of an electrostatic latent image is easily 
caused so that the latent image resolution is varied with 
time, thus deteriorating the quality of obtained images. 
Since a holding member and/or a positioning member 
having high precision are required for holding and posi- 
tioning the needle electrodes and the latent image car- 
rier and the space therebetween, there is also a problem 
that the apparatus should be complex and large. There 
are still problems that the electrodes and the latent im- 
age carrier should be damaged for a short period of time 
due to high contact pressure of needle-type electrodes, 
that high-speed printing is hardly achieved, and that the 
apparatus should be large because of the use of the la- 
tent image carrier as an intermediate image transferring 
medium. 

SUMMARY OF THE INVENTION 

[0007] The present invention is directed to solve the 
aforementioned problems of the prior art and it is an ob- 
ject of the present invention to provide an image forming 
apparatus which can forms a high-quality image with 
high resolution while stabilizing potential and size of an 
electrostatic latent image and in which the wearing of 
electrodes and a latent image earner can be reduced, 
thereby improving the durability thereof. 
[0008] To achieve the aforementioned object, an im- 
age forming apparatus comprises a latent image carrier 
and a substrate on which a plurality of writing electrodes 
are formed along the axial direction of said latent image 
carrier, and is characterized in that said latent image car- 
rier and said substrate are arranged in elastic contact 
with each other so as to form an electrostatic latent im- 
age on the latent image carrier. 

[0009] According to the present invention, since the 
substrate having the electrodes formed thereon is in 
elastic contact with the latent image carrier, a greater 
contact nip can be obtained therebetween even with 
light load and the contact therebetween can be uniform 
along the axial direction of the lateral image carrier so 
that the electrode portion well follows the latent image 
earner, thereby achieving the stabilized contact there- 
between. This design can exhibit the following effects. 
That is, charge injection for a long period can be 
achieved so as to produce saturated charg , thereby 
stably forming high quality lectrostatic lat nt images. 
This design allows use of low voltage as the voltage to 
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be impressed to the lectrodes, th reby reducing gen- 
eration of ozone. In addition, the pressing force for keep- 
ing the writing electrodes in contact with the latent image 
carrier is small, thus reducing the wearing rate of the 
electrodes and the latent image carrier, leading to for- 5 
mation of images and improvement in their durability. In 
addition, this design prevents breakage of insulation 
due to damages. This design also allows the electrodes 
to be arranged to have greater distance therebetween, 
thus reducing the possibility of crosstalk between the 10 
electrodes. 

[0010] Since the writing electrodes can be securely 
arranged in contact with or in proximity to the latent im- 
age carrier with a small pressing force by the flexible 
substrate, there is little or no gap (space) between the *5 
writing electrodes and the latent image earner. The little 
or no gap reduces the possibility of undesirable air ion- 
ization , thereby further reducing the generation of ozone 
and enabling the formation of an electrostatic latent im- 
age with low potential. In addition, the latent image car- 20 
rier can be prevented from being damaged by the writing 
electrodes, thus improving the durability of the latent im- 
age carrier. 

[001 1 ] Further, since the writing device employs only 
the writing electrodes without using a laser beam gen- 25 

rating device or a LED light generating device which is 
large in size as conventionally used, the apparatus size 
can be reduced and the number of parts can also be 
reduced, thereby obtaining an image forming apparatus 
which is simple and low-price. 30 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

35 

Figs. 1 (A) and 1 (B) show an example of the image 
forming apparatus in accordance with the present 
invention, wherein Fig. 1 (A) is a schematic illustra- 
tion of the entire structure and Fig. 1(B) is a per- 
spective view partially showing a latent image car- 40 
rier and an electric writing device shown in Fig. 1 (A); 
Figs. 2(a)-2(h) are views each illustrating an exam- 
ple of the basic process of forming an image in the 
image forming apparatus of the present invention; 
Figs. 3(a)-3(f) are views for explaining the principle *s 
of writing an electrostatic latent image by the writing 
electrodes of the writing device through application 
or removal of charge; 

Figs. 4(a)-4(c) are views for explaining the applica- 
tion or removal of charge relative to the latent image so 
carrier; 

Figs. 5(a)-5(c) show array patterns for arranging the 
writing electrodes of the writing device according to 
the present invention ; 

Fig. 6 is a plane view of the writing device according 55 
to the present invention; 

Fig. 7 is a diagram showing a switching circuit for 
switching the voltage to be connected to the writing 
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electrodes betwe n th predetermined voltage and 
the ground voltage; 

Figs. 8(a)-8(c) are diagrams for explaining actions 
when respective high voltage switches are control- 
led to conduct switching operation; 
Figs. 9(a)-9(d) are views showing still another ex- 
amples of the array pattern forthe writing electrodes 
3b; 

Fig. 10 and Fig. 11 are views showing another ex- 
amples of the image forming apparatus according 
to the present invention; 

Fig. 12 is a schematic illustration showing another 
example of the writing device, as seen in an axial 
direction of the latent image carrier; 
Fig. 1 3 is a view showing a variation of the embod- 
iment shown in Fig. 12, wherein Fig. 13(A) is an en- 
larged view of the electrode portion and Fig. 13(B) 
is a plane view thereof; 

Fig. 14 and Fig. 15 are views similar to Fig. 12, but 
showing another examples of the image forming ap- 
paratus of the present invention; 
Fig. 1 6 is a view schematically showing an embod- 
iment of the image forming apparatus of the present 
invention; 

Fig. 1 7 is a view schematically showing another em- 
bodiment of the image forming apparatus of the 
present invention; 

Fig. 1 8 through Fig. 20 are views each showing a 
variation of the embodiment of Fig. 17; 
Fig. 21 is a view summarily showing the arrange- 
ments of the electrode portion shown in Fig. 17 
through Fig. 20; 

Figs. 22(A), 22(B) show a variation of the embodi- 
ment shown in Fig. 1 7, wherein Fig. 22(A) is an en- 
larged view of the electrode portion and Fig. 22(B) 
is a sectional view of Fig. 22(A); 
Fig. 23 and Fig. 24 are structural views showing an- 
other embodiments of the image forming apparatus 
according to the present invention; 
Figs. 25(A) and 25(B) show an embodiment of the 
electric writing device according to the present in- 
vention, wherein Fig. 25(A) is a view showing the 
electric writing device and the latent image carrier 
and Fig. 25(B) is an partial enlarged sectional view 
of Fig. 25(B); 

Figs. 26(A), 26(B) show an embodiment of the im- 
age forming apparatus according to the present in- 
vention, wherein Fig. 26(A) is an entire structural 
view, Fig. 26(B) is an enlarged sectional view of the 
electrode portion, and 

Figs. 27(A), 27(B) are views similar to Fig. 26(B) for 
explaining the actions of the apparatus shown in 
Figs. 26(A), 26(B); 

Fig. 28 and Fig. 29 are enlarged sectional views 
showing another mbodim ntofthepres nt inven- 
tion; 

Fig. 30 shows a variation of the embodim nt shown 
in Fig. 29; 
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Fig. 31 is an enlarged sectional view showing an- 
other embodiment of the present invention; 
Fig. 32 is a structural view schematically showing 
another embodiment of the image forming appara- 
tus according to the present invention; 
Fig. 33 is a structural view schematically showing a 
variation of the embodiment shown in Fig. 32; 
Fig. 34 through Fig. 37 are views each schematical- 
ly showing another example of the image forming 
apparatus employing the writing device according 
to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 3] The embodiments of the present invention will 
be described hereinafter with reference to thedrawings. 
Figs. 1 (A) and 1 (B) show an example of the imageform- 
ing apparatus in accordance with the present invention, 
wh rein Fig. 1 (A) is a schematic illustration of the entire 
structure and Fig. 1 (B) is a perspective view partially 
showing a latent image carrier and an electric writing 
device shown in Fig. 1 (A). It should be noted that, in the 
following description, similar or corresponding compo- 
n nts are sometimes marked by the same numerals in 
the respective drawings to omit the description for the 
components. 

[0014] In Fig. 1 (A), an image forming apparatus 1 ac- 
cording to the present invention comprises, at least, a 
lat nt image carrier 2 on which an electrostatic latent 
image is formed, an electric writing device 3 having a 
plurality of writing electrodes 3b which are arranged in 
contact with or in proximity to the latent image carrier 2 
along the axial direction of the latent image carrier 2 to 
write the electrostatic latent image onto the latent image 
carrier 2, a developing device 4 which develops the elec- 
trostatic latent image on the latent image carrier 2 with 
developing powder, a transferring device 6 which trans- 
fers the image developed by the developing device, i.e. 
a toner image, on the latent image carrier 2 to a receiving 
medium 5 such as a recording sheet, and a cleaning 
device 7 which remove residual toner left on the latent 
image carrier 2 after the transfer. The electric writing de- 
vice 3 is supported, at its one end, by a fixing means 9 
inthecantileveredform and is, at its other end, in contact 
with the latent image carrier 2. 

[0015] As shown in Fig. 1(B), the electric writing de- 
vic 3 comprises a flexible substrate 3a, having high in- 
sulation property and being relatively soft and elastic, 
such as a FPC (Flexible Print Circuit) or a PET film and 
writing electrodes 3b which are formed on the substrate 
3a and which are pressed lightly against the latent im- 
age carrier 2 by weak elastic restoring force created by 
deflection of the substrate 3a so that the writing lec- 
trodes 3b are in contact with or in proximity to the latent 
image carrier 2. Also formed on the substrate 3a are 
drivers 3c, and conductive patterns 3d which are con- 
nected to the writing electrodes 3b. Pressing force ap- 



plied to the writing electrodes 3b may be 1 0 N or less 
per 300 mm in width, that is a linear load of 0.33 N/mm 
or less, that is preferable for stabilizing the contact be- 
tween the writing electrodes 3b and the latent image car- 
5 rier 2 and for stabilizing the charge injection or (the 
space for) the discharge. In view of wearing, it is pref- 
erable to achieve the smallest possible linear load while 
keeping the contact stability. 

[0016] Figs. 2(a)-2(h) are views each illustrating an 
10 example of the basic process of forming an image in the 
image forming apparatus 1 of the present invention. 
[0017] As the basic process of forming an image in 
the image forming apparatus 1 of the present invention, 
there are four types as follows: (1) making uniformly 
*s charged state by removal of charge -writing by contact 
application of charge- normal developing; (2) making 
uniformly charged state by removal of charge - writing 
by contact application of charge-reversal developing; 
(3) making uniformly charged state by application of 
20 charge - writing by contact removal of charge - normal 
developing; and (4) making uniformly charged state by 
application of charge - writing by contact removal of 
charge - reversal developing. Following description will 
be made as regard to these image forming processes. 

25 

(1) making uniformly charged state by removal of 
charge -writing by contact application of charge - 
normal developing 

A process illustrated in Fig. 2(a) is an example 

30 of this image forming process. As shown in Fig. 2 
(a), in this example, a photoreceptor 2a is employed 
as the latent image carrier 2 and a charge removing 
lump 7a is employed as the charge control device 
7. By positively (+) charging image portions of the 

35 photoreceptor 2a through the writing electrodes 3b 
of the writing device 3 which are in contact with the 
photoreceptor 2a, an electrostatic latent image is 
written on the photoreceptor 2a. In addition, a bias 
voltage composed of an alternating current super- 

40 imposed on a direct current of a negative (-) polarity 
is applied to a developing roller 4a of the developing 
device 4, as in conventional ones. Accordingly, the 
developing roller 4a conveys negatively (-) charged 
developing powder 8 to the photoreceptor 2a. It 

45 should be noted that a bias voltage composed of a 
direct current of a negative (-) polarity only may be 
applied to the developing roller 4a. 

In the image forming process of this example, 
the charge removing lump 7a removes charge from 

so the surface of the photoreceptor 2a to make the sur- 
face into the uniformly charged (charge-removed) 
state with nearly 0V (zero volt) and, after that, the 
image portions of the photoreceptor 2a are positive- 
ly (+) charged by the writing electrodes 3b of th 

55 writing device 3, th reby writing an electrostatic la- 
tent image onto the photoreceptor 2a. Then, nega- 
tively (-) charged developing powder 8 conveyed by 
the developing roller 4a of the developing device 4 
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adheres to the positively (+) charged image portions 
of the photoreceptor 2a t thereby normally develop- 
ing the electrostatic latent image. 

A process illustrated in Fig. 2(b) is another ex- 
ample of this image forming process. As shown in 5 
Fig. 2(b), in this example, a dielectric body 2b is em- 
ployed as the latent image carrier 2 and a charge 
removing roller 7b is employed as the charge con- 
trol device 7. As in conventional ones, a bias voltage 
composed of a direct current of a negative (-) polar- io 
ity may be applied to the developing roller 4a. It 
should be noted that a bias voltage composed of an 
alternating current superimposed on a direct cur- 
rent of a negative (-) polarity may be applied to the 
developing roller 4a. On the other hand, a bias vott- 15 
age composed of an alternating current is applied 
to the charge removing roller 7b. Other structures 
of this example are the same as those of the afore- 
mentioned example shown in Rg. 2(a). 

In the image forming process of this example, 20 
the charge removing roller 7b is in contact with the 
dielectric body 2b so as to remove charge from the 
surface of the dielectric body 2b to make the surface 
of the dielectric body 2b into the uniformly charged 
(charge-removed) state with nearly OV (zero volt). 25 
The image forming actions after that are the same 
as those of the aforementioned example shown in 
Fig. 2(a), except that the dielectric body 2b is used 
instead of the photoreceptor 2a. 

30 

(2) making uniformly charged state by removal of 
charge - writing by contact application of charge - 
reversal developing 

A process shown in Fig. 2(c) is an example of 
this image forming process. As shown in Fig. 2(c), 35 
in this example, a photoreceptor 2a is employed as 
the latent image carrier 2 and a charge removing 
lump 7a is employed as the charge control device 
7 just like the example shown in Fig. 2(a). The writ- 
ing electrodes 3b of the writing device 3 are in con- *o 
tact with the photoreceptor 2a so that non-image 
portions of the photoreceptor 2a are negatively (-) 
charged. Other structures of this example are the 
same as those of the aforementioned example 
shown in Fig. 2(a). 45 

In the image forming process of this example, 
the charge removing lump 7a removes charge from 
the surface of the photoreceptor 2a to make the sur- 
face of the photoreceptor 2a into the uniformly 
charged (charge-removed) state with nearly OV (ze- so 
ro volt) and, after that, the non-image portions of the 
photoreceptor 2a are negatively (-) charged by the 
writing electrodes 3b of the writing device 3, thereby 
writing an electrostatic latent image onto th pho- 
toreceptor 2a. Then, negatively (-) charged devel- 55 
oping powder 8 conveyed by the developing roller 
4a of the developing device 4 adheres to image por- 
tions, not negatively (-) charged and having nearly 



OV (zero volt), of the photor ceptor 2a, thereby re- 
versely developing the electrostatic latent image. 

A process illustrated in Fig. 2(d) is another ex- 
ample of this image forming process. As shown in 
Fig. 2(d), in this example, a dielectric body 2b is em- 
ployed as the latent image carrier 2 and a charge 
removing roller 7b is employed as the charge con- 
trol device 7 just like the example shown in Fig. 2 
(b). The writing electrodes 3b of the writing device 
3 are arranged in contact with the dielectric body 2b 
to negatively (-) charge non-image portions of the 
dielectric body 2b. Other structures of this example 
are the same as those of the aforementioned exam- 
ple shown in Fig. 2(b). 

In the image forming process of this example, 
the charge removing roller 7b is in contact with the 
dielectric body 2b so as to remove charge from the 
surface of the dielectric body 2b to make the surface 
into the uniformly charged (charge- removed) state 
with nearly OV (zero volt). The image forming ac- 
tions after that are the same as those of the afore- 
mentioned example shown in Fig. 2(c), except that 
the dielectric body 2b is used instead of the pho- 
toreceptor 2a. 

(3) making uniformly charged state by application 
of charge - writing by contact removal of charge - 
normal developing 

A process shown in Fig. 2(e) is an example of 
this image forming process. As shown in Fig. 2(e), 
in this example, a photoreceptor 2a is employed as 
the latent image carrier 2 and a charging roller 7c 
is employed as the charge control device 7. A bias 
voltage composed of an alternating current super- 
imposed on a direct current of a positive (+) polarity 
is applied to the charging roller 7c so that the charg- 
ing roller 7c uniformly positively (+) charges the sur- 
face of the photoreceptor 2a. It should be noted that 
a bias voltage composed of a direct current of a pos- 
itive (+) polarity only may be applied to the charging 
roller 7c. In addition, the writing electrodes 3b of the 
writing device 3 are in contact with the photorecep- 
tor 2a so that positive (+) charge is removed from 
the non-image portions of the photoreceptor 2a. 
Other structures of this example are the same as 
those of the aforementioned example shown in Fig. 
2(a). 

In the image forming process of this example, 
the charging roller 7c is arranged in contact with the 
photoreceptor 2a so as to positively (+) charge the 
surface of the photoreceptor 2 a to make the surface 
into the uniformly charged state with a predeter- 
mined voltage and, after that, positive (+) charge is 
removed from the non-image portions of the pho- 
toreceptor 2a by the writing lectrodes 3b of the 
writing devic 3, thereby writing an electrostatic la- 
tent image onto the photoreceptor 2a. Then, nega- 
tively (-) charged developing powder 8 conveyed by 
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the developing roller 4a of the developing device 4 
adheres to the image portions, positively (+) 
charged, of the photoreceptor 2a, thereby normally 
developing the electrostatic latent image. 

A proc ss illustrated in Fig. 2(0 is another ex- 5 
ample of this image forming process. As shown in 
Fig. 2(f), in this example, a dielectric body 2b is em- 
ployed as the latent image carrier 2 and a corona 
charging device 7d is employed as the charge con- 
trol device 7. A bias voltage composed of a direct 10 
current of a negative (-) polarity or a bias voltage 
composed of an alternating current superimposed 
on a direct current of a negative (-) polarity is applied 
to the corona charging device 7d in the same man- 
ner as the conventional one, but not illustrated. The * 5 
writing electrodes 3b of the writing device 3 are ar- 
ranged in contact with the dielectric body 2b to re- 
move negative (-) charge from the non-image por- 
tions of the dielectric body 2b. Moreover, a bias volt- 
age composed of a direct current of a positive (+) 20 
polarity is applied to the developing roller 4a so that 
the developing roller 4a conveys positively (+) 
charged developing powder 8 to the dielectric body 
2b. It should be noted that a bias vottage composed 
of an alternating current superimposed on a direct 2s 
current of a positive (+) polarity may be applied to 
the developing roller 4a. Other structures of this ex- 
ample are the same as those of the aforementioned 
example shown in Fig. 2(b). 

In the image forming process of this example, 30 
the surface of the dielectric body 2b is negatively (-) 
charged by the corona charging device 7d to make 
the surface of the dielectric body 2b into the uni- 
formly charged state with the predetermined volt- 
age and, after that, negative (-) charge is removed 35 
from the non-image portions of the dielectric body 
2b by the writing electrodes 3b of the writing device 
3, thereby writing an electrostatic latent image on 
the dielectric body 2b. Then, positively (+) charged 
developing powder 8 conveyed by the developing 40 
roller 4a of the developing device 4 adheres to the 
image portions, negatively (-) charged, of the die- 
lectric body 2b, thereby normally developing the 
electrostatic latent image. 

45 

(4) making uniformly charged state by application 
of charge - writing by contact removal of charge - 
reversal developing 

A process shown in Fig. 2(g) is an example of 
this image forming process. As shown in Fig. 2(g), so 
in this example, a photoreceptor 2a is employed as 
the latent image carrier 2 and a charging roller 7c 
is employed as the charge control device 7. A bias 
voltage composed of an alternating current super- 
imposed on a direct curr nt of a negative (-) polarity 55 
is applied to the charging roller 7c so that the charg- 
ing roller 7c uniformly negatively (-) charges the sur- 
face of the photoreceptor 2a. It should be noted that 



a bias vottage composed only of a direct current of 
a negative (-) polarity may be applied to the charg- 
ing roller 7c. The writing electrodes 3b of the writing 
device 3 are in contact with the photoreceptor 2a so 
that negative (-) charge is removed from the image 
portions of the photoreceptor 2a. Other structures 
of this example are the same as those of the afore- 
mentioned example shown in Fig. 2(a). 

In the image forming process of this example, 
the charging roller 7c is arranged in contact with the 
photoreceptor 2a to negatively (-) charge the sur- 
face of the photoreceptor 2a to make the surface 
into the uniformly charged state with a predeter- 
mined voltage and, after that, negative (-) charge is 
removed from the image portions of the photore- 
ceptor 2a by the writing electrodes 3b of the writing 
device 3, thereby writing an electrostatic latent im- 
age onto the photoreceptor 2a. Then, negatively (-) 
charged developing powder 8 conveyed by the de- 
veloping roller 4a of the developing device 4 ad- 
heres to the image portions, not negatively (-) 
charged, of the photoreceptor 2a, thereby reversely 
developing the electrostatic latent image. 

A process illustrated in Fig. 2(h) is another ex- 
ample of this image forming process. As shown in 
Fig. 2(h), in this example, a dielectric body 2b is em- 
ployed as the latent image carrier 2 and a corona 
charging device 7d is employed as the charge con- 
trol device 7. A bias voltage composed of a direct 
current of a positive (+) polarity or a bias vottage 
composed of an alternating current superimposed 
on a direct current of a positive (+) polarity is applied 
to the corona charging device 7d, but not illustrated. 
Other structures of this example are the same as 
those of the aforementioned example shown in Fig. 
2(f). 

In the image forming process of this example, 
the surface of the dielectric body 2b is positively (+) 
charged by the corona charging device 7d to make 
the surface of the dielectric body 2b into the uni- 
formly charged state with the predetermined volt- 
age and, after that, positive (+) charge is removed 
from the image portions of the dielectric body 2b by 
the writing electrodes 3b of the writing device 3, 
thereby writing an electrostatic latent image onto 
the dielectric body 2b. Then, positively (+) charged 
developing powder 8 conveyed by the developing 
roller 4a of the developing device 4 adheres to the 
image portions, not positively (+) charged, of the di- 
electric body 2b, thereby reversely developing the 
electrostatic latent image. 

[0018] Figs. 3(a)-3(f) are views for explaining the prin- 
ciple of writing an electrostatic lat nt imag by th writ- 
ing electrodes 3b of the writing device 3 through appli- 
cation or removal of charge, wherein Fig. 3(a) is an en- 
larged view of a contact portion where a writing elec- 
trode 3b is in contact with the latent image carrier 2, Fig. 
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3(b) is a diagram of an electrical equivalent circuit of the 
contact portion, and Figs. 3(c)-3(f) are graphs each 
showing the relation between each parameter and the 
surface potential of the latent image carrier 2. 
[0019] As shown in F<q 3(a). the latent image carrier 
2 comprises a base member 2c which is made of a con- 
ductive material such as aluminum and is grounded and 
an insulating charged layer 2d formed on the outer pe- 
riphery of the base member 2c. The writing electrodes 
3b supported by the flexible substrate 3a made of FPC 
or the like of the writing device 3 are in contact with the 
charged layer 2d with a predetermined small pressing 
force and the latent image carrier 2 travels (rotates) at 
a predetermined speed "v". As the aforementioned 
small pressing force 1 0N or less per 300 mm in width, 
that is, a linear load ol 0 03N/mm or less is preferable 
in view of stabilization of contact between the writing 
electrodes 3b and the latent image carrier 2 or proximity 
of the writing electrodes 3b relative to the latent image 
carrier 2 (space between the wiiting electrodes 3b and 
the latent image carrier 2) and stabilization of the charge 
injection or discharge. In view of wearing, it is preferable 
to achieve the smallest possible linear load while keep- 
ing the contact stability. 

[0020] Either of a predetermined high voltage V 0 and 
a predetermined low voltage V, is selectively impressed 
to the writing electrodes 3b through the substrate 3a (as 
mentioned, since there are positive (+) and negative (-) 
charges, the high voltage is a voltage having a high ab- 
solute value and the low voltage is a voltage of the same 
polarity as the high voltage and having a low absolute 
value or 0V (zero volt). In the description of the present 
invention in this application, the low voltage is a ground 
voltage. In the following description, therefore, the high 
voltage V 0 is referred to as the predetermined voltage 
V 0 and the low voltage V 1 is referred to as the ground 
voltage V 1 . It should be understood that the ground volt- 
age V 1 is 0V (zero volt).) 

[0021] That is, the contact portion (nip portion) be- 
tween each writing electrode 3b and the latent image 
carrier 2 is provided with an electrical equivalent circuit 
shown in Fig. 3(b). In Fig. 3(b), "FT designates the re- 
sistance of the writing electrode 3b and "C" designates 
the capacity of the latent image carrier 2. The resistance 
R of the writing electrode 3b is selectively switched to 
be connected to the A side of the predetermined voltage 
V 0 of a negative (-) polarity or to the B side of the ground 
voltage V 1 . 

[0022] Fig. 3(c) shows the relation between the resist- 
ance R of the writing electrode 3b and the surface po- 
tential of the latent image carrier 2. The aforementioned 
relation when the writing electrode 3b is connected to 
the A side in the electrical equivalent circuit to impress 
the predetermined voltage V 0 of a negativ (-) polarity 
to the writing electrode 3b is represented by a solid line 
in Fig. 3(c). As shown by the solid line in Fig. 3(c), the 
surface potential of the latent image carrier 2 is constant 
at the predetermined voltage V 0 in a region where the 



resistance R of the writing electrode 3b is small, and the 
absolute value of the surface potential of the latent im- 
age earner 2 decreases in a region where the resistance 
R of the writing electrode 3b is greater than a predeter- 

s mined value. On the other hand the relation between the 
resistance R of the writing electrode 3b and the surface 
potential of the latent image carrier 2 when the writing 
electrode 3b is connected to the B side to ground the 
electrode 3b is represented by a dotted line in Fig. 3(c). 

10 As shown by the dotted line in Fig. 3(c), the surface po- 
tential of the latent image carrier 2 is constant at sub- 
stantially the ground voltage V 1 in a region where the 
resistance R of the writing electrode 3b is small, and the 
absolute value of the surface potential of the latent im- 

*5 age carrier 2 increases in a region where the resistance 
R of the writing electrode 3b is greater than the prede- 
termined value. 

[0023] In the region where the resistance R of the writ- 
ing electrode 3b is smaJI and the surface potential of the 

20 latent image carrier 2 is constant at the predetermined 
voltage V 0 or constant at the ground voltage V 1 , injection 
of negative (-) charge is conducted directly from a lower 
voltage side to a higher voltage side between the writing 
electrode 3b being in contact with the latent image car- 

25 rier 2 and the charged layer 2d of the latent image carrier 
2, as shown in Fig. 4(a). This means that charge is ap- 
plied to or removed from the latent image carrier 2 via 
the charge injection. In the region where the resistance 
R of the writing electrode 3b is great and the surface 

30 potential of the latent image carrier 2 starts to vary, the 
application or removal of charge relative to the latent 
image carrier 2 via the charge injection is gradually re- 
duced and discharge is occurred between a conductive 
pattern (will be described later) of the substrate 3a and 

35 the latent image carrier 2 as shown in Fig. 4(b) as the 
resistance R of the writing electrode 3b is increased. 
[0024] The discharge between the conductive pattern 
of the substrate 3a and the base member 2c of the latent 
image carrier 2 is occurred when the absolute value of 
the voltage (the predetermined voltage V 0 ) between the 
substrate 3a and the latent image carrier 2 becomes 
higher than a discharge starting voltage V^. The relation 
between the gap G, between the substrate 3a and the 
latent image carrier 2, and the discharge starting voltage 

45 is just as shown in Fig. 4(c), according to Paschen's 
law. That is, the discharge starting voltage is the low- 
est when the gap G is in a range about 30 am, so the 
discharge starting voltage V to should be high when the 
gap G is either larger or smaller than the range about 

so 30 am, making the occurrence of discharge difficult. 
Even via the discharge, charge can be applied to or re- 
moved from the surface of the latent image carrier 2. 
However, when the resistance R of the writing electrode 
3b is in this r gion, the application or removal of charge 

55 relativ to the lat nt image carri r 2 via the charge in- 
jection is greater while the application or removal of 
charge relative to the latent image carrier 2 via the dis- 
charge is smaller. This means that the application or re- 
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moval of charge relative to the latent image carrier 2 is 
dominated by the application or removal of charge via 
the charge injection. By the application or removal of 
charge via the charge injection, the surface potential of 
the latent image carrier 2 becomes to the predetermined 5 
voltage V 0 to be impressed to the writing electrode 3d 
or the ground voltage V v In case of the application of 
charge via the charge injection, the predetermined volt- 
age V 0 to be supplied to the writing electrode 3b is pref- 
erably set to a voltage equal to or less than the discharge 
starting voltage at which the discharge is occurred 
between the writing electrode 3b and the base member 
2c of the latent image carrier 2. 

[0025] When the resistance R of the writing electrode 
3b is greater than the region, the application or removal 
of charge relative to the latent image carrier 2 via the 
charge injection is smaller while the application or re- 
moval of charge relative to the latent image carrier 2 via 
the discharge is greater than that via the charge injec- 
tion. The application or removal of charge relative to the 
latent image carrier 2 gradually becomes dominated by 
the application or removal of charge via the discharge. 
That is, as the resistance R of the writing electrode 3b 
becomes greater, the application or removal of charge 
relative to the surface of the latent image carrier 2 is 
performed mainly via the discharge and rarely via the 
charge injection. By the application or removal of charge 
via the discharge, the surface potential of the latent im- 
ag carrier 2 becomes to a voltage obtained by subtract- 
ing the discharge starting voltage V m from the predeter- 
mined voltage V 0 to be impressed to the writing elec- 
trode 3d or the ground voltage V v It should be noted 
that the same is true when the predetermined voltage 
V 0 is of a positive (+) polarity. 

[0026] Therefore, the application or removal of charge 
relative to the latent image carrier 2 via the charge in- 
jection can be achieved by satisfying a condition that the 
resistance R of the electrode 3b is set in such a small 
range as to allow the surface potential of the latent im- 
age carrier 2 to be constant at the predetermined volt- 
age IV 0 I (this is an absolute value because voltages of 
opposite (±) polarities are available) or constant at the 
ground voltage V n and by controlling the voltage to be 
impressed to the writing electrode 3b to be switched be- 
tween the predetermined voltage V 0 and the ground 
voltage V v 

[0027] Fig. 3(d) shows the relation between the ca- 
pacity C of the latent image carrier 2 and the surface 
potential of the latent image earner 2. The aforemen- 
tion d relation when the writing electrode 3b is connect- 
d to the A side to impress the predetermined voltage 
V 0 of a negative (-) polarity to the writing electrode 3b is 
represented by a solid line in Fig. 3(d). As shown by the 
solid line in Fig. 3(d), th surface potential of th latent 
image carrier 2 is constant at the predetermined voltage 
V 0 in a region where the capacity C of the latent image 
carrier 2 is small, and th absolut valu of the surfac 
potential of the latent image carrier 2 decreases in a re- 



gion where the capacity C of the latent image carrier 2 
is larger than a predetermined value. On the other hand, 
the relation between the capacity C of the latent image 
carrier 2 and the surface potential of the latent image 
earner 2 when the writing electrode 3b is connected to 
the B side to ground the writing electrode 3b is repre- 
sented by a dotted line in Fig. 3(d). As shown by the 
dotted line in Fig. 3(d), the surface potential of the latent 
image earner 2 is constant at substantially the ground 
voltage V 1 in a region where the capacity C of the latent 
image carrier 2 is small, and the absolute value of the 
surface potential of the latent image carrier 2 increases 
where the capacity C of the latent image carrier 2 is larg- 
er than a predetermined value. 

[0028] In the region where the capacity C of the latent 
image carrier 2 is small and the surface potential of the 
latent image earner 2 is constant at the predetermined 
voltage V 0 or constant at the ground voltage V n , charge 
injection of negative (-) charge is conducted directly be- 
tween the writing electrode 3b being in contact with the 
latent image earner 2 and the charged layer 2d of the 
latent image carrier 2. That is, charge is applied to or 
removed from the latent image carrier 2 via the charge 
injection. In the region where the capacity C of the latent 
image carrier 2 is large and the surface potential of the 
latent image carrier 2 starts to vary, the application or 
removal of charge relative to the latent image carrier 2 
via the charge injection is gradually reduced and dis- 
charge is started between the substrate 3a and the la- 
tent image carrier 2 as shown in Fig . 4(b) as the capacity 
C of the latent image carrier 2 is increased. Even via the 
discharge, charge can be applied to or removed from 
the surface of the latent image carrier 2. However, when 
the capacity C of the latent image carrier 2 is in this re- 
gion, the application or removal of charge relative to the 
latent image carrier 2 via the charge injection is greater 
while the application or removal of charge relative to the 
latent image carrier 2 via the discharge is smaller. This 
means that the application or removal of charge relative 
to the latent image earner 2 is dominated by the appli- 
cation or removal of charge via the charge injection. By 
the application or removal of charge via the charge in- 
jection, the surface potential of the latent image carrier 
2 becomes to the predetermined voltage V 0 to be im- 
pressed to the writing electrode 3d or the ground voltage 

[0029] When the capacity C of the latent image carrier 
2 is greater than the region, there is now little charge 
injection between the writing electrode 3b and the 
charged layer 2d of the latent image carrier 2. This 
means that little or no charge is applied to or removed 
from the latent image carrier 2 via the charge injection. 
It should be noted that the same is true when the pre- 
determined voltage V 0 is of a positive (+) polarity. 
[0030] Therefore, the application or r moval of charge 
relative to th latent image carrier 2 via the charge in- 
jection can be achieved by satisfying a condition that 
capacity C of the latent image carrier 2 is set in such a 
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small range as to allow the surface potential of the latent 
image carrier 2 to be constant at the predetermined volt- 
age I V 0 I (this is an absolute value because voltages of 
opposite (±) polarities are available) or constant at the 
ground voltage V 1 and by controlling the voltage to be 
impressed to the writing electrode 3b to be switched be- 
tween the predetermined voltage V 0 and the ground 
voltage V 1 . 

[0031] Fig. 3(e) shows the relation between the veloc- 
ity (peripheral velocity) v of the latent image carrier 2 
and the surface potential of the latent image carrier 2. 
The aforementioned relation when the writing electrode 
3b is connected to the A side to impress the predeter- 
mined voltage V 0 of a negative (-) polarity to the writing 
electrode 3b is represented by a solid line in Fig. 3(e). 
As shown by the solid line in Fig. 3(e), the surface po- 
tential of the latent image carrier 2 increases as the ve- 
locity v increases in a region where the velocity v of the 
iat nt image carrier 2 is relatively low, and the absolute 
value of the surface potential of the latent image carrier 
2 is constant in a region where the velocity v of the latent 
image carrier 2 is higher than a predetermined value. 
The reason of increase in the surface potential of the 
latent image carrier 2 with the increase in the velocity v 
of the latent image carrier 2 is considered as that the 
charge injection to the latent image carrier 2 is facilitated 
due to friction between the writing electrode 3b and the 
latent image carrier 2. The velocity v of the latent image 
earner 2 has an extent above which the facilitation of the 
charge injection due to friction is no longer increased 
and becomes substantially constant. On the other hand, 
the relation between the velocity v of the latent image 
carrier 2 and the surface potential of the latent image 
earner 2 when the writing electrode 3b is connected to 
the B side to ground the writing electrode 3b is repre- 
sented by a dotted line in Fig. 3(e). As shown by the 
dotted line in Fig. 3(e), the surface potential of the latent 
image carrier 2 is constant at the ground voltage V 1 re- 
gardless of the velocity v of the latent image carrier 2. It 
should be noted that the same is true when the prede- 
termined voltage V 0 is of a positive (+) polarity. 
[0032] Fig. 3(0 shows the relation between the press- 
ing force applied to the latent image carrier 2 by the writ- 
ing electrode 3b (hereinafter, just referred to as "the 
pressure of the writing electrode 3b") and the surface 
potential of the latent image carrier 2. The aforemen- 
tioned relation when the writing electrode 3b is connect- 
ed to the A side to impress the predetermined voltage 
V 0 of a negative (-) polarity to the writing electrode 3b is 
represented by a solid line in Fig. 3(f). As shown by the 
solid line in Fig. 3(f), the surface potential of the latent 
image carrier 2 relatively rapidly increases as the pres- 
sur of the writing electrode 3b increases in a region 
where the pr ssur of th writing lectrod 3b is very 
low, and the absolut value of the surfac pot ntial of 
the latent image carrier 2 is constant in a r gion where 
the pressure of the writing electrode 3b is higher than a 
predetermined value. The reason of the rapid increase 



in the surface potential of the latent imag carrier 2 with 
the increase in the pressure of the writing electrode 3b 
is considered as that the contact between the writing 
electrode 3b and the latent image carrier 2 is further en- 
^ sured by the increase in the pressure of the writing elec- 
trode 3b. The pressure of the writing electrode 3b has 
an extent above wh ich the contact certainty between the 
writing electrode 3b and the latent image carrier 2 is no 
longer increased and becomes substantially constant. 
10 On the other hand, the relation between the pressure of 
the writing electrode 3b and the surface potential of the 
latent image carrier 2 when the writing electrode 3b is 
connected to the B side to ground the writing electrode 
3b is represented by a dotted line in Fig. 3(f). As shown 
15 by the dotted line in Fig. 3(f), the surface potential of the 
latent image carrier 2 is constant at the ground voltage 
V t regardless of the pressure of the writing electrode 
3b. It should be noted that the same is true when the 
predetermined voltage V 0 is of a positive (+) polarity. 
[0033] Therefore, the application or removal of charge 
relative to the latent image carrier 2 via the charge in- 
jection can be securely and easily achieved by satisfying 
conditions that the resistance R of the writing electrode 
3b and the capacity C of the latent image carrier 2 are 
set in such a manner as to allow the surface potential of 
the latent image carrier 2 to be constant at the prede- 
termined voltage and that the velocity v of the latent im- 
age carrier 2 and the pressure of the writing electrode 
3b are set in such a manner as to allow the surface po- 
tential of the latent image carrier 2 to be constant at the 
predetermined voltage, and by controlling the voltage to 
be impressed to the writing electrode 3b to be switched 
between the predetermined voltage V 0 and the ground 
voltage V v 

[0034] Though th e predetermined voltage V 0 to be im- 
pressed to the writing electrode 3b is a direct current 
voltage in the aforementioned embodiment, an alternat- 
ing current voltage may be superimposed on a direct 
current voltage. When an alternating current voltage is 
superimposed, it is preferable that a DC component is 
set to be a voltage to be impressed to the latent image 
carrier 2, the amplitude of AC component is set to be 
twice or more as large as the discharge starting voltage 
Vfl,, and the frequency of AC component is set to be 
higher than the frequency in rotation of the latent image 
earner 2 by about 500-1 ,000 times (for example, assum- 
ing that the diameter of the latent image carrier 2 is 30<|> 
and the peripheral velocity of the latent image carrier 2 
is 1 80 mm/sec, the frequency in rotation of the latent 
image carrier 2 is 2Hz so that the frequency of AC com- 
ponent is 1 ,000-2,000Hz.). 

[0035] By superimposing an alternating current volt- 
age on a direct current voltage as mentioned above, the 
application or removal of charg via discharge of the 
writing electrode 3b is further stabilized. In addition, the 
writing electrode 3b vibrates because of the existence 
of the alternating current, ther by removing foreign mat- 
ters adhering to the writing electrode 3b and thus pre- 
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venting contamination of the writing electrode 3b. 
[0036] Figs. 5(a)-5(c) show array patterns for arrang- 
ing a plurality of electrodes 3b in the axial direction of 
the latent image carrier 2 

[0037] The simplest array pattern for the writing elec- 5 
trodes 3b is shown in Fig 5(a). In this pattern, a plurality 
of rectangularwriting electrodes 3b are aligned in an row 
extending in the axial direction of the latent image carrier 
2 as shown in Fig. 5(a). In this case, among the writing 
electrodes 3b, a predetermined number (eight in the il- 10 
lustrated example) of writing electrodes 3b arc connect- 
ed to and thus united by a driver 11 which controls the 
corresponding electrodes 3b by switching the supply 
voltage between the predetermined voltage V 0 or the 
ground voltage vy Plural units of writing electrodes 3b 15 
are aligned in the same row extending in the axial direc- 
tion of the latent imago carrier 2. 
[0038] However, when the rectangular electrodes 3b 
ar simply aligned in one row extending in the axial di- 
rection of the latent image carrier 2 just like this pattern, 20 
there should be clearances between adjacent elec- 
trodes 3b. Portions of the surface of the latent image 
carrier 2 corresponding to the clearances can not be 
subjected to the application or removal of charge. 
Therefore, in the array pattern for the writing electrodes 25 
3b shown in Fig. 5(b), the writing electrodes 3b are each 
formed in triangle and are alternately arranged in such 
a manner that the orientations of the adjacent electrodes 
3b are opposite to each other In this case, the elec- 
trodes are arranged such that ends of the triangle bases 20 
of adjacent electrodes which are opposed to each other 
are overlapped with each other in a direction perpendic- 
ular to the axial direction of the latent image carrier 2 
(the rotational direction of the latent image carrier). The 
design of partially overlapping adjacent electrodes in the 35 
direction perpendicular to the axial direction of the latent 
image carrier 2 can eliminate such portions that are not 
subjected to the application or removal of charge as 
mentioned above, thereby achieving application or re- 
moval of charge relative to the entire surface of the latent 40 
image carrier 2. It should be noted that, instead of trian- 
gle, each electrode 3b may be formed in any configura- 
tion that allows adjacent electrodes to be partially over- 
lapped with each other in the direction perpendicular to 
the axial direction of the latent image carrier, for exam- 45 
pie, trapezoid, parallelogram, and a configuration hav- 
ing at least one angled side among sides opposed to 
adjacent electrodes 3b. 

[0039] In the array pattern for the writing electrodes 
3b shown in Fig. 5(c), the writing electrodes 3b are each so 
formed in circle and are aligned in two parallel rows (first 
and second rows) extending in the axial direction of the 
latent image carrier 2 in such a manner that the writing 
lectrodes 3b are arranged in a zigzag fashion. In this 
case, the electrodes are arranged such that electrodes 55 
which are in different rows but adjacent to each other 
are partially overlapped with each other in the direction 
perpendicular to the axial direction of the latent image 



carrier 2. Also this array pattern can eliminate such por- 
tions in the surface of the latent image carrier 2 that are 
not subjected to the application or removal of charge as 
mentioned above, thereby achieving application or re- 
moval of charge relative to the entire surface of the latent 
image carrier 2. In this example, plural units are each 
formed of a predetermined number of electrodes 3b 
some of which are in the first row and the other are in 
the second row by connecting these electrodes 3b to 
one driver 1 1 and are aligned parallel to the axial direc- 
tion of the latent image carrier 2. The respective drivers 
1 1 are disposed on the same side of the corresponding 
electrodes 3b. 

[0040] As shown in Fig. 6, the respective drivers 11 
are electrically connected by conductive patterns 9 
made of copper foil which is formed on the substrate 
and each line of which is formed into a thin flat bar-like 
shape having a rectangular section. In the same man- 
ner, the drivers 1 1 are electrically connected to the cor- 
responding electrodes 3b by the conductive patterns 9. 
The conductive patterns 9 can be formed by a conven- 
tional known film pattern forming method such as etch- 
ing. By way of the conductive patterns 9, line data, writ- 
ing timing signals, and high voltage power are supplied 
to the respective drivers 1 1 from the upper side U in Fig. 
6. 

[0041] Rg. 7 is a diagram showing a switching circuit 
for switching the voltage to be connected to the writing 
electrodes 3b between the predetermined voltage V 0 
and the ground voltage V v As shown in Fig. 7, the writ- 
ing electrodes 3b which are arranged, for example, in 
four lines are connected to corresponding high voltage 
switches (H.V.S.W.) 15, respectively. Each of the high 
voltage switches 1 5 can switch the voltage to be sup- 
plied to the corresponding electrode 3b between the 
predetermined voltage V 0 and the ground voltage V v 
An image writing control signal is inputted into each high 
voltage switch 15 from a shift resistor (S.R.) 16, to which 
an image signal stored in a buffer 1 7 and a clock signal 
from a clock 18 are inputted. The image writing control 
signal is inputted into each high voltage switch 15 
through each AND circuit 19 in accordance with a writing 
timing signal from an encoder 20. The high voltage 
switch 1 5 and the AND circuit 1 9 cooperate together to 
form the aforementioned driver 11 which controls the 
corresponding electrodes 3b by switching the supply 
voltage. 

[0042] Figs. 8(a)-8(c) show profiles when the supply 
voltage for each electrode is selectively controlled into 
the predetermined voltage V 0 or the ground voltage V n 
by switching operation of the corresponding high volt- 
age switch 15, wherein Fig. 8(a) is a diagram showing 
the voltage profiles of the respective electrodes, Fig. 8 
(b) is a diagram showing a developing powder image 
obtained by normal developing with the voltage profiles 
shown in Fig. 8(a), and Fig. 8(c) is a diagram showing 
a developing powder imag obtained by reverse devel- 
oping with the voltage profiles shown in Fig. 8(a). 
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[0043] Assuming that the electrodes 3b, for example 
as shown in Figs. 8(a)-8(c), five electrodes indicated by 
n-2, n-1 , n, n+1 , and n+2, respectively, are controlled to 
be into the voltage profiles shown in Fig. 8(a) by switch- 
ing operation of the respective high voltage switches 1 5. 
When an electrostatic latent image is written on the la- 
tent image carrier 2 with the electrodes 3b having the 
aforementioned voltage profiles and is then developed 
normally, the developing powder 8 adheres to portions 
at the predetermined voltage V 0 of the latent image car- 
rier 2, thereby obtaining a developing powder image I 
as shown by hatched portions in Fig. 8(b). When an 
electrostatic latent image is written in the same manner 
and is then developed reversely, the developing powder 
8 adheres to portions at the ground voltage V, of the 
latent image carrier 2, thereby obtaining a developing 
powder image I' as shown by hatched portions in Fig. 8 
(c). 

[0044] According to the image forming apparatus 1 
mploying the electric writing device 3 having the afore- 
mentioned structure, the writing electrodes 3b are sup- 
ported by the flexible substrate 3a and are pressed light- 
ly against and in contact with the latent image carrier 2 
by weak elastic restoring force of the substrate 3a, 
thereby stably keeping the writing electrodes 3b in con- 
tact with the latent image carrier 2. Therefore, applica- 
tion of charge relative to the latent image carrier 2 by 
the writing electrodes 3b can be further stably conduct- 
ed with high precision, thereby achieving stable writing 
of an electrostatic latent image and thus reliably obtain- 
ing a high quality image with high precision. 
[0045] Since the writing electrodes 3b are kept in con- 
tact with the latent image carrier 2 by a small pressing 
force, the latent image carrier 2 can be prevented from 
being damaged by the writing electrodes 3b, thus im- 
proving the durability of the latent image carrier 2. Fur- 
ther, since the writing device 3 employs only the writing 
electrodes 3b without using a laser beam generating de- 
vic or a LED light generating device which is large in 
size as conventionally used, the apparatus size can be 
reduced and the number of parts can also be reduced, 
thereby obtaining an image forming apparatus which is 
simple and low-price. Furthermore, generation of ozone 
can be further reduced by the writing electrodes 3b. 
[0046] Figs. 9(a)-9(d) are views showing still another 
examples of the array pattern for the writing electrodes 
3b. 

[0047] In the array pattern for the writing electrodes 
3b of the aforementioned example shown in Fig. 5(c), 
the writing electrodes 3b are aligned in two parallel rows 
ach extending in the axial direction of the latent image 
carrier 2 in such a manner that the writing electrodes 3b 
are arranged in a zigzag fashion. In the array pattern for 
the writing electrodes 3b of an xampl shown in Figs. 
9(a) and 9(b), however, writing lectrodes 3b are aligned 
in two rows (first and second rows) which are completely 
identical to each other and spaced at a predetermined 
distance in the direction perpendicular to the axial direc- 



tion of the latent image carrier 2(in the feeding direction), 
wherein the first row consists of writing electrodes 3b 
which are, for example, trapezoidal and the second row 
consists of writing electrodes 3'b corresponding to the 

5 writing electrodes 3b of the first row. That is, two identi- 
cal writing electrodes 3b, 3'b are arranged in a line along 
the direction perpendicular to the axial direction of the 
latent image carrier 2. This design achieves further se- 
cured and stable application of charge relative to the 

10 charged layer 2d of the latent image carrier 2. It should 
be noted that, in the same manner as the example 
shown in Fig. 5(b), opposed oblique sides of adjacent 
trapezoidal electrodes 3b or 3'b in the same row are par- 
tially overlapped with each other in the direction perpen- 

15 dicularto the axial direction of the latent image carrier 2. 
[0048] In the array pattern of an example shown in 
Rg. 9(c), the trapezoids of the writing electrodes 3b in 
the first row are mirror images to those of the writing 
electrodes 3*b in the second row in the example shown 

zo in Fig. 9(b). The array pattern of an example shown in 
Rg. 9(d) comprises writing electrodes 3b which are each 
formed in a rectangular shape and are aligned in two 
basic rows in zigzag fashion and additional writing elec- 
trodes 3'b which are aligned in two additional rows each 

25 of which is arranged parallel to and adjacent to each ba- 
sic row in the direction perpendicular to the axial direc- 
tion of the latent image carrier 2, wherein writing elec- 
trodes 3'b in the additional row are identical and corre- 
spond to those in the adjacent basic row, so that two 

30 identical writing electrodes 3b, 3'b are arranged along a 
direction perpendicular to the axial direction of the latent 
image carrier 2. The actions and effects of these exam- 
ples are equal to those of the example shown in Fig. 9 
(a). 

35 [0049] Rg. 1 0 is a view showing another example of 
the image forming apparatus according to the present 
invention. In any of the aforementioned examples, the 
writing electrodes 3b are arranged in contact with the 
latent image carrier 2. In the image forming apparatus 

40 1 of this example, however, the writing electrodes 3b are 
arranged in proximity to the latent image carrier 2 to 
have a predetermined gap (slight distance) G therebe- 
tween so as to discharge relative to the latent image car- 
rier 2. That is, as shown in Fig. 10, the substrate 3a is 

45 provided with an insulating layer 28 on a surface facing 
the latent image carrier 2. In this case, the insulating 
layer 28 is formed in such a manner that the writing elec- 
trode 3b as an electrode section of the conductive pat- 
tern 9 is exposed from the conductive pattern 9 formed 

50 on the substrate 3a. The thickness of the insulating layer 
28 is set to be larger than the thickness of the writing 
electrode 3b by a predetermined value. 
[0050] The insulating layer 28 is lightly pressed 
against the latent image carrier 2 by weak elastic restor- 

55 ing fore creat d by deflection of the substrate 3a so 
that the insulating layer 28 is in contact with the latent 
image carrier 2. Because of th difference in thickness 
between the insulating layer 28 and the writing electrode 
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3b, the writing electrode 3b is arranged in proximity to 
the latent image carrier 2 to have the predetermined gap 
(slight distance) G therebetween while the insulating 
layer 28 is in contact with the latent image carrier 2. The 
slight distance is set, for example, in a range from 30 5 
\im to 100 urn. The distance can be adjusted by the 
thickness of the insulating layer 28. The adjustment of 
the distance can be made during a process of forming 
the insulating layer 28. For example, when the insulating 
layer 28 is formed of an insulating photoresist, the dis- 
tance can be adjusted during a process of applying the 
insulating photoresist onto the substrate 3a. It should be 
noted that an insulating layer 28a, located at the end of 
the substrate 3a after the writing electrode 3b, shown in 
Fig. 10 can be eliminated. 

[0051] Fig. 11 is a schematic illustration showing fur- 
ther another example of the image forming apparatus. 
In any of the aforementioned examples, the charge con- 
trol device 7 for uniformly charging the latent image car- 
rier 2 is provided separately from the writing device 3. 
In the image forming apparatus 1 of this example, the 
charge control device 7 is disposed on the substrate 3a 
of the writing device 3 together with the writing elec- 
trodes 3a. That is, uniformly charging electrode 7e of 
th charge control device 7 is disposed on the end 3a^ 
of the substrate 3a of the writing device 3 in such a man- 
ner that the writing electrodes 3b are spaced apart from 
the uniformly charging electrode 7e at a predetermined 
gap. In this case, the uniformly charging electrode 7e is 
formed into a thin plate-like shape having a rectangular 
section. The uniformly charging electrode 7e is contin- 
uously disposed to extend in the axial direction of the 
latent image carrier 2 along the same length as the axial 
length of the charged layer 2d of the latent image carrier 
2. The writing electrodes 3b and the uniformly charging 
electrode 7 are kept in contact with the surface of the 
latent image earner 2 with low pressure by weak elastic 
restoring force created by deflection of the substrate 3a. 
[0052] In the image forming apparatus 1 of this exam- 
ple having the aforementioned structure, after the sur- 
face of the latent image carrier 2 is uniformly charged 
by the uniformly charging electrode 7e on the end 3a^ 
of the substrate 3a, the writing electrodes 3b write an 
electrostatic latent image on the surface of the latent im- 
age carrier 2 by applying charge to or removing charge 
from selected areas of the surface of the latent image 
carrier 2. 

[0053] In the image forming apparatus 1 of this exam- 
ple, the uniformly charging electrode 7e and the writing 
electrodes 3b are disposed together, thereby allowing 
the manufacture of an image forming apparatus which 
is smaller in size and simpler in structure. It should be 
noted that, instead of the writing electrodes 3b em- 
ployed in the aforementioned examples, other types of 
writing electrodes capable of an electrostatic latent im- 
age can be employed. 

[0054] It should be understood that th design of pro- 
viding the uniformly charging electrode 7e and the writ- 



ing electrodes 3b as on unit is not limited to the illus- 
trated example shown in Fig. 11 and may be applied to 
the writing device 3 as shown in Fig. 10 in which the 
writing electrodes 3b are arranged in proximity to the 
latent image carrier 2. In this case, the uniformly charg- 
ing electrode 7e may be arranged in contact with the 
latent image carrier 2 or in proximity to the latent image 
carrier 2 in the same manner as the writing electrodes 
3b. 

[0055] Moreover, it should be understood that the de- 
sign of providing the uniformly charging electrode 7e 
and the writing electrodes 3b as one unit may also be 
applied to any of the image forming apparatuses of the 
aforementioned examples and, in addition, any case ap- 
plied with this design can exhibit the same works and 
effects. A suitable insulator may be arranged in the gap 
between the writing electrodes 3b and the uniformly 
charging electrode 7e. 

[0056] Fig. 12 is a schematic illustration showing an- 
other example of the writing device 3, as seen in an axial 
direction of the latent image carrier 2. In the former ex- 
amples, the substrate 3a is made of a flexible material 
being relatively soft and elastic such as a FPC, a PET 
film, and a flexible PCB. In this example, a rectangular 
substrate 3a which is made of the same material as the 
substrate 3a of the former examples is bent at its center 
of a direction perpendicular to the axial direction of the 
latent image carrier 2 into a hair pin curve with a curve 
top extending along a line of the axial direction of the 
latent image carrier 2 and the both ends 3a.,, 3a 2 of the 
substrate 3a are fixed by a suitable fixing member. In 
this case, a conductive mounting plate (shield) 1 0 is in- 
terposed between the both ends 3a t and 3a 2 of the sub- 
strate 3a for preventing the crosstalk between two sec- 
tions of the substrate 3a about the curve top, i.e. the 
upper and lower sections in Fig. 12. The length of the 
substrate 3a in the axial direction of the latent image 
carrier 2 is set substantially the same as the axial length 
of the charged layer 2d of the latent image carrier 2, be- 
cause a plurality of writing electrodes 3b are arranged 
along the axial direction (main scanning direction) of the 
latent image carrier 2. 

[0057] The substrate 3a is provided at a predeter- 
mined location of a hair pin curve portion (a curved por- 
tion) 3a 3 with a plurality of writing electrodes 3b aligned 
in the axial direction of the latent image carrier 2. In a 
state where the both ends 3a 1 , 3a2 of the substrate 3a 
are fixed as shown in Fig. 12, the hair pin curve portion 
3a 3 of the substrate 3a is elastically slightly deflected so 
that the writing electrodes 3b are lightly pressed against 
and in contact with the latent image carrier 2 by the weak 
elastic restoring force of the hair pin curve portion 3a 3 
of the substrate 3a. In the writing device 3 of this exam- 
ple, the substrate 3a is supported by the both ends 3a 1} 
3a 2> thus allowing the writing electrodes 3b to be further 
securely and stably kept in contact with the latent image 
carrier 2. 

[0058] In this state, the substrate 3a is elastically 
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slightly d fleeted to create weak elastic restoring force 
and the writing electrodes 3b are lightly pressed against 
and in contact with the latent image carrier 2. Since the 
pressing force of the writing electrodes 3b relative to the 
latent image carrier 2 is small, the charged layer 2d of 
the latent image carrier 2 can be prevented from wear 
due to the writing electrodes 3b, thus improving the du- 
rability of the latent image carrier 2. In addition, since 
the writing electrodes 3b are kept in contact with the 
charged layer 2d by elastic force of the substrate 3a, the 
writing electrodes 3b can be stably in contact with the 
charged layer 2d. In particular, the both ends 3a 1} 33% 
of the substrate 3a are fixed, thereby achieving further 
stable contact of the writing electrodes 3b relative to the 
charged layer 2d. It should be noted that the drivers 1 1 
for controlling the writing electrodes 3b, as mentioned 
above, are fixed to the both ends 3a 1f 3^ of the sub- 
strate 3a, respectively. 

[0059] Figs. 1 3(A), 1 3(B) are views showing an exam- 
ple in which a plurality of writing electrodes 3b are ar- 
ranged in the example shown in Fig. 12. In this array 
patt m for the writing patterns 3b, the writing electrodes 
3b are each formed in rectangle. In the same manner 
as the example shown in Fig. 5(c), the writing electrodes 
3b are aligned in two parallel rows (first and second 
rows) extending in the axial direction of the latent image 
carrier 2 in such a manner that the writing electrodes 3b 
are arranged in a zigzag fashion and arranged such that 
writing electrodes 3b which are in different rows but ad- 
jacent to each other are partially overlapped with each 
other in the direction perpendicular to the axial direction 
of the latent image carrier 2. Also this array pattern can 
eliminate such portions in the surface of the latent image 
carrier 2 that are not subjected to the application or re- 
moval of charge as mentioned above, thereby achieving 
application or removal of charge relative to the entire 
surface of the latent image carrier 2. In this example, a 
predetermined number of electrodes 3b in the first row 
are connected to and united by one driver 11 and a pre- 
determined number of electrodes 3b in the second row 
are connected to and united by another driver 11. For 
each row, plural units are formed and aligned. The driv- 
ers 11 for the electrodes 3b in the first row are disposed 
on the opposite side of the drivers 11 for the electrodes 
3b in the second row such that these electrodes 3b are 
located therebetween and, as shown In Fig. 12, the op- 
posed drivers 11 are fixed to the both ends 3a 1f 3a 2 , 
r spectively, of the substrate 3a which is bent in a hair 
pin curve. It should be noted that "N" designates a nip. 
[0060] Fig. 14 is a view similar to Fig. 12, but showing 
another example of the image forming apparatus of the 
present invention. In any of the aforementioned exam- 
ples, the writing electrodes 3b are arranged in contact 
with the latent imag carrier 2. In the image forming ap- 
paratus of this example, however, the writing electrodes 
3b are arranged in proximity to th latent image carrier 
2 to have a predetermined gap (slight distance) G ther- 
ebetween so as to discharge relative to the latent image 



carrier 2. That is, as shown in Fig. 10, th substrate 3a 
is provided with an insulating layer 28 on a surface fac- 
ing the latent image carrier 2. In this case, the insulating 
layer 28 is formed in such a manner that the writing elec- 
5 trode 3b as an electrode section of the conductive pat- 
tern 9 is exposed from the conductive pattern 9 formed 
on the substrate 3a. The thickness of the insulating layer 
28 is set to be larger than the thickness of the writing 
electrode 3b by a predetermined value. 
[0061] The insulating layer 28 is lightly pressed 
against and in contact with the latent image carrier 2 by 
weak elastic restoring force created by deflection of the 
substrate 3a. Because of the difference in thickness be- 
tween the insulating layer 28 and the writing electrode 
3b, the writing electrode 3b is arranged in proximity to 
the latent image carrier2 to have the predetermined gap 
(slight distance) G therebetween while the insulating 
layer 28 is in contact with the latent image carrier 2. The 
slight distance is set, for example, in a range from 30 
nm to 100 jim. The distance can be adjusted by the 
thickness of the insulating layer 28. The adjustment of 
the distance can be made during a process of forming 
the insulating layer 28. For example, when the insulating 
layer 28 is formed of an insulating photoresist, the dis- 
tance can be adjusted during a process of applying the 
insulating photoresist onto the substrate 3a. 
[0062] Fig. 15 is a view similar to Fig. 12, but showing 
still another example of the image forming apparatus ac- 
cording to the present invention. 
[0063] In any of the aforementioned examples, the 
charge control device 7 for uniformly charging the latent 
image earner 2 is provided separately from the writing 
device 3. In the image forming apparatus 1 of this ex- 
ample, the charge control device 7 is disposed on the 
substrate 3a of the writing device 3 together with the 
writing electrodes 3a. That is, uniformly charging elec- 
trode 7e of the charge control device 7 is disposed on 
the end 3a 1 of the substrate 3a of the writing device 3 
in such a manner that the writing electrodes 3b are 
spaced apart from the uniformly charging electrode 7e 
at a predetermined gap. In this case, the uniformly 
charging electrode 7e is formed into a thin plate-like 
shape having a rectangular section. The uniformly 
charging electrode 7e is continuously disposed to ex- 
tend in the axial direction of the latent image carrier 2 
along the same length as the axial length of the charged 
layer 2d of the latent image carrier 2. The writing elec- 
trodes 3b and the uniformly charging electrodes 7 are 
kept in contact with the surface of the latent image car- 
rier 2 with low pressure by weak elastic restoring force 
created by deflection of the substrate 3a. 
[0064] In the image forming apparatus 1 of this exam- 
ple having the aforementioned structure, after the sur- 
face of the latent image earner 2 is uniformly charged 
by the uniformly charging electrode 7e on the portion 
3a 3 of the substrate 3a, the writing electrodes 3 writ an 
electrostatic latent image on the surface of the latent im- 
age carrier 2 by applying charge to or removing charge 
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from selected areas of the surface of the latent image 
carrier 2. 

[0065] In the image forming apparatus 1 of this exam- 
ple, the uniformly charging electrode 7e and the writing 
electrodes 3b are disposed together, thereby allowing 5 
the manufacture of an image forming apparatus which . 
is smaller in size and simpler in structure. The other 
structures, actions, and effects of the image forming ap- 
paratus 1 of this example are the same as those of the 
example shown in Fig. 12. 

[0066] It should be noted that, instead of the writing 
electrodes 3b employed in the aforementioned exam- 
ples, other types of writing electrodes capable of an 
electrostatic latent image can be employed. 
[0067] The design of providing the uniformly charging 
electrode 7e and the writing electrodes 3b as one unit 
is not limited to the illustrated example shown in Fig. 1 5 
and may be applied to the writing device 3 as shown in 
Fig. 10 in which the writing electrodes 3b are arranged 
in proximity to the latent image carrier 2. In this case, 
the uniformly charging electrode 7e may be arranged in 
contact with the latent image carrier 2 or in proximity to 
the latent image carrier 2 in the same manner as the 
writing electrodes 3b. 

[0068] Moreover, it should be understood that the de- 
sign of providing the uniformly charging electrode 7e 
and the writing electrodes 3b as one unit may also be 
applied to any of the image forming apparatuses of the 
aforementioned examples and, in addition, any case ap- 
plied with this design can exhibit the same works and 
ffects. A suitable insulator may be arranged in the gap 
between the writing electrodes 3b and the uniformly 
charging electrode 7e. 

[0069] According to the image forming apparatus as 
shown in Fig. 12 through Fig. 15, the writing electrodes 
are supported by the flexible substrate which is folded 
double to have a hair pin curve, thereby stabilizing the 
positions of the writing electrodes relative to the latent 
image carrier. Therefore, charge-injection or discharge 
between the writing electrodes and the latent image car- 
rier can be stably and reliably conducted. Accordingly, 
application or removal of charge relative to the latent 
image carrier by the writing electrodes can be further 
stably conducted with high precision, thereby achieving 
stable writing of an electrostatic latent image and thus 
reliably obtaining a high quality image with high preci- 
sion. 

[0070] Fig. 1 6 is a structural view schematically show- 
ing an embodiment of the image forming apparatus of 
the present invention. 

[0071] An image forming apparatus 1 according to 
this embodiment comprises, at least, a latent image car- 
rier 2 on which an electrostatic latent image is formed 
and which is in the form of a belt and thus has flexibility, 
an electric writing device 3 having a plurality of writing 
electrodes 3b which are arranged in contact with or in 
proximity to the latent image carrier 2 along the axial 
direction of the latent image carrier 2 to write the elec- 



trostatic latent image on the latent image carrier 2, ad - 
veloping device 4 which develops the electrostatic latent 
image on the latent image carrier 2 with developing pow- 
der, and a transferring device 6 which transfers the im- 
age developed by the developing device 4, i.e. a toner 
image, on the latent image carrier 2 to a receiving me- 
dium 5 such as a recording sheet. The electric writing 
device 3 is supported, at its one end, by a fixing means 
9 in the cantilevered form and is, at its other end, in con- 
tact with the latent image carrier 2. It should be noted 
that the latent image carrier 2 is not limited to the belt 
type and may be a drum having flexibility. 
[0072] The electric writing device 3 comprises a flex- 
ible substrate 3a, having high insulation property and 
being relatively soft and elastic, such as a FPC (Flexible 
Print Circuit), a PET (polyethylene terephthalate) film, 
or a PI (polyimide) film, and the writing electrodes 3b 
(hereinafter, sometimes referredto as the electrode por- 
tion 3b) which are formed on the substrate 3a and which 
are pressed lightly in contact with or in proximity to the 
latent image earner 2 by weak elastic restoring force cre- 
ated by deflection of the substrate 3a. The substrate 3a 
are in contact with the latent image carrier 2 to have a 
nip (contact face) width W therebetween and the writing 
electrodes 3b are arranged within the nip width W. That 
is, assuming the width of the writing electrode 3b in the 
rotational direction as P, the writing electrodes 3b are 
arranged to satisfy P<W. 

[0073] In the image forming apparatus 1 , after the sur- 
face of the latent image carrier 2 is uniformly charged 
by a charge control device, not shown, the writing elec- 
trodes 3b write an electrostatic latent image on the latent 
image carrier 2 by applying charge to selected areas of 
the surface of the latent image carrier 2. Then, the elec- 
trostatic latent image is developed by the developing de- 
vice 4 to form a developing powder image and the de- 
veloping powder image is subsequently transferred to 
the receiving medium 5 by the transferring device 6. 
[0074] According to this embodiment, since both the 
substrate 3a and the latent image earner 2 have flexibil- 
ity, a greater contact nip can be obtained therebetween 
even with light load and the contact therebetween can 
be uniform along the axial direction of the lateral image 
carrier 2. Even when the substrate 3a has waviness or 
small irregularities, the electrode portion 3b well follows 
the latent image carrier 2, thereby achieving the stable 
contact therebetween. This design can exhibit the fol- 
lowing effects. That is, charge injection for a long period 
can be achieved so as to produce saturated charge, 
thereby stably forming high quality electrostatic latent 
images. This design allows use of low voltage as the 
voltage to be impressed to the writing electrodes 3b, 
thereby reducing generation of ozone. In addition, the 
pr ssure for keeping the writing electrodes 3b in contact 
with the latent image carrier 2 is small, thus reducing the 
wearing rat of the electrodes 3b and the latent image 
carrier 2, leading to formation of high quality images and 
improvement in their durability. In addition, this design 
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prevents breakage of insulation due to damages. This 
design also allows the electrodes to be arranged to have 
greater distance therebetween, thus reducing the pos- 
sibility of crosstalk between the electrodes. 
[0075] Even when the position of the electrode portion 
3b shifts in the feeding direction of the latent image car- 
rier 2 due to the positional shift of the supporting mem- 
ber 9 or the latent image carrier 2, the length of contact 
between the latent image carrier 2 and the electrode 
portion 3b can be constant because of the width P of the 
electrode portion 3b, thereby enabling uniform charge 
writing via charge injection of the same amount and also 
enabling the reduction in size and weight of the electric 
writing device. 

[0076] Fig. 1 7 is a structural view schematically show- 
ing an embodiment of the image forming apparatus of 
the present invention. This embodiment is different from 
the embodiment shown in Fig. 1 6 in that the latent image 
carrier 2 is a drum having rigidity and that the substrate 
3a has flexibility. Formed on the substrate 3a are a plu- 
rality of writing electrodes 3b arranged in contact with 
or in proximity to the latent image earner 2 along the 
axial direction of the latent image carrier 2. 
[0077] In this embodiment, one end of the substrate 
3a made of a flexible material is supported by a fixing 
portion 9 on the upstream side in the rotational direction 
of the latent image earner 2, and the other end of the 
substrate 3a is arranged in contact with the latent image 
carrier 2 to have a nip (contact face) therebetween. As- 
suming the nip width between the latent image carrier 2 
and the substrate 3a as W and the width of the electrode 
portion composed of the writing electrodes 3b as P, the 
writing electrodes 3b are arranged to satisfy P<W. That 
is, the writing electrodes 3b are arranged within the nip 
width W. 

[0078] Since each writing electrode 3b is a plate-like 
electrode having a length in the circumferential direction 
of the latent image earner 2, the electrode portion 3b 
well follows the latent image carrier 2, This design can 
achieve charge injection for a long period so as to pro- 
duce saturated charge, thereby stably forming high 
quality electrostatic latent images. This design allows 
use of low voltage as the voltage to be impressed to the 
writing electrodes 3b, thereby eliminating or significantly 
reducing generation of ozone. In addition, the writing 
electrodes can be aligned in adjacent rows in zigzag 
fashion and the rows can be spaced further apart, there- 
by reducing the possibility of crosstalk between the elec- 
trodes. Even when the position of the electrode portion 
3b shifts in the circumferential direction of the latent im- 
age carrier 2 due to the positional shift of the substrate 
3a, the electrode portion 3b can be kept in contact with 
the latent image carrier for a predetermined period of 
time, thereby stably forming an electrostatic latent im- 
age without affecting the potential and size of the elec- 
trostatic latent image. Because of the large nip width W, 
the necessity of an additional high-precision positioning 
means between the latent image carrier 2 and the elec- 



trode portion 3b can b eliminated and deterioration with 
age can be reduced. 

[0079] Since the direction of the contact at the end of 
the substrate 3a is equal to the rotational direction of the 
s latent image carrier 2, friction produced between the 
substrate 3a and the latent image carrier 2 acts on the 
substrate 3a in a direction of pulling the substrate 3a. 
Therefore, there is no possibility of buckling, pucker, 
looseness of the substrate 3a, thereby stabilizing the 
configuration of the substrate 3a. As a result, uniform 
contact at the contact face can be held, thereby elimi- 
nating the possibility of positional shift relative to the fix- 
ing portion 9 and improving the mechanical durability. 
The structure for supporting the substrate 3a is simple 
in which the substrate 3a is supported in the cantilev- 
ered form. This design can achieve reduction in size and 
improvement in mechanical reliability. 
[0080] Rg. 1 8 through Fig. 20 are views each showing 
a variation of the embodiment of Fig. 1 7. In an example 
shown in Fig. 1 8, the electrodes 3b are arranged in such 
a manner as to satisfy "Length P of electrode portion 3b 
> Nip width W M . According to this embodiment, even 
when the mounting positions of the electrodes 3b and/ 
or the latent image earner 2 shift, the contact length be- 
tween the latent image carrier 2 and the electrode por- 
tion 3b can be kept at the nip width W. As a result of this, 
the potential of the electrostatic latent image can be kept 
constant and is not or little affected by positional shift, 
(n addition, this can eliminate the necessity of rigidity 
and complexity at the mounting portion. 
[0081] In an example shown in Fig. 19, the electrodes 
3b are arranged in such a manner the length P of the 
electrode portion 3b is overlaid on the upstream end of 
the nip width W so as to form a gap between a part of 
the electrode portion 3b and the latent image carrier 2. 
In an example shown in Fig. 20, the electrode portion 
3b is arranged on the downstream side of the nip width 
W to form a gap between the electrode portion 3b and 
the latent image carrier 2. 

[0082] The aforementioned gap is geometrically de- 
termined from the length L from the center of contact 
face between the substrate 3a and the latent image car- 
rier 2 to the electrode portion 3b. When the substrate 3a 
is supported in the cantilevered form, the number of 
components is reduced and the substrate shape is sta- 
bilized, thus securely holding the position of the sub- 
strate 3a relative to the fixed portion with high precision. 
Therefore, the length L can also be securely held with 
high precision, leading to little fluctuation in the gap. As 
a result, stabilized discharge can be obtained so that the 
resultant electrostatic latent image has uniform potential 
and size. 

[0083] The aforementioned arrangements of the elec- 
trode portion 3b shown in Fig. 17 through Fig. 20 are 
summarized in Rg. 21 , wherein the respectiv arrange- 
ments are marked with A through F and shown relative 
to the nip width W. 

[0084] Rgs. 22(A), 22(B) show a variation of the em- 
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bocliment shown in Fig. 17, wherein Fig. 22(A) is an en- 
larged view of the electrode portion and Fig. 22(B) is a 
sectional view of Fig. 22(A). 

[0085] In this example, the writing electrodes 3b are 
arranged within the nip width W between the latent im- 
age carrier 2 and the substrate 3a and aligned in a plu- 
rality of rows to have electrode portions 3b 1 , 3b 2 extend- 
ing in the axial direction of the latent image carrier 2 such 
that the positional relation between the electrodes in the 
adjacent rows is the zigzag fashion. Therefore, the ad- 
jacent rows of the electric portions 3b1, 3b2 can be 
spaced further apart from each other, thereby reducing 
the possibility of crosstalk between the electrodes. 
[0086] Fig. 23 and Fig. 24 are structural views show- 
ing another embodiments of the image forming appara- 
tus according to the present invention. In the aforemen- 
tioned embodiments, the substrate 3a is made of flexible 
material i.e. soft material and the latent image carrier 2 
is made of hard material i.e. inelastic material. In these 
embodiments, however, the substrate 3a is made of 
hard material i.e. non-flexible material and the latent im- 
age carrier 2 is made of soft material i.e. elastic material. 
[0087] In the embodiment shown in Fig. 23, the sub- 
strat 3a is made of rigid material such as glass epoxy 
r sin. One end of the substrate 3a is supported by the 
fixing portion 9 and the other end of the substrate 3a is 
arranged in contact with the latent image carrier 2 which 
is soft. The electrode portion 3b and the latent image 
carrier 2 have a wide contact nip therebetween because 
of the flexibility of the latent image carrier 2. The sub- 
strate 3a may be provided with a curved surface in its 
face to be in contact with the latent image carrier 2, 
thereby preventing damage of the latent image carrier 2. 
[0088] In the embodiment shown in Fig. 24, supported 
by the fixing portion 9 is an elastic press member 1 0 
such as a plate spring made of stainless steel. Attached 
on the other end of the elastic press member 1 0 is a 
substrate 3a made of rigid material such as glass epoxy 
resin. The elastic press member 1 0 keeps the substrate 
3a in contact with the soft lateral image carrier 2. The 
electrode portion 3b and the latent image carrier 2 have 
a wide contact nip therebetween because of the flexibil- 
ity of the latent image carrier 2. The substrate 3a may 
be provided with a curved surface in its face to be in 
contact with the latent image carrier, thereby preventing 
damage of the latent image carrier 2. 
[0089] Figs. 25(A) and 25(B) show an embodiment of 
the electric writing device 3 according to the present in- 
vention , wherein Fig. 25(A) is a view showing the electric 
writing device 3 and the latent image carrier 2 and Fig. 
25(B) is an partial enlarged sectional view of Fig. 25(A). 
[0090] In this embodiment, one end of the substrate 
3a made of flexible material is supported by a fixing por- 
tion 9 on th downstream side in the rotational direction 
of the latent image carrier 2, and th other end of the 
substrate 3a is arranged in contact with the lat nt image 
carrier 2 at a nip (contact face). Assuming the nip width 
between the latent image carrier 2 and the substrate 3a 



as W and the length of the electrode portion composed 
of the writing lectrodes 3b as P, the writing electrodes 
3b are arranged to satisfy W > P. That is, the writing 
electrodes 3b are arranged within the nip width W. 
5 [0091 ] Since each writing electrode 3b is a plate-like 
electrode having a length in the circumferential direction 
of the latent image carrier 2, the electrode portion 3b 
well follows the latent image carrier 2, This design can 
achieve charge injection for a long period so as to pro- 
10 duce saturated charge, thereby stably forming electro- 
static latent image. This design allows use of low voltage 
as the voltage to be impressed to the writing electrodes 
3b, thereby eliminating or significantly reducing gener- 
ation of ozone. In addition, the writing electrodes can be 
'5 aligned in adjacent rows in zigzag fashion and the rows 
can be spaced further apart, thereby reducing the pos- 
sibility of crosstalk between the electrodes. Even when 
the position of the electrode portion 3b shifts in the cir- 
cumferential direction of the latent image carrier 2 due 
to the positional shift of the substrate 3a, the electrode 
portion 3b can be kept in contact with the latent image 
carrierfor a predetermined period of time, thereby stably 
forming an electrostatic latent image without affecting 
the potential and size of the electrostatic latent image. 
Because of the large nip width W, the necessity of an 
additional high-precision positioning means between 
the latent image carrier 2 and the electrode portion 3b 
can be eliminated and deterioration with age can be re- 
duced. 

[0092] Since the direction of the contact at the end of 
the substrate 3a is opposite to the rotational direction of 
the latent image carrier 2, friction F produced between 
the substrate 3a and the latent image carrier 2 creates 
pressure P in a direction of pressing the substrate 3a 
against the surface of the latent image carrier 2. As a 
result, the contact pressure of the edge of the substrate 
3a is increased so that the edge portion 3e blocks for- 
eign matters Q such as residual developing powder ag- 
gregates adhering to and paper powder on the latent 
image carrier 2 so as to previously clean the electrostat- 
ic written portion, thereby preventing occurrence of un- 
desirable non-image, linear stains, and irregularities 
due to foreign matters, residual developing powder ag- 
gregates adhering to the surface of the latent image car- 
rier 2 and thus obtaining high quality image. This design 
can prevents damage of the electrodes, thus improving 
its mechanical reliability. 

[0093] Particularly, when the substrate 3a is com- 
posed of a film-like flexible member such as a polyimide 
film, the pressure at the nip is increased and the contact 
resistance is small, thus providing stabilized contact and 
achieving formation of electrostatic latent images equal- 
ly having high quality. The substrate 3a is supported by 
a fixing portion 9 in the cantilever form, so this apparatus 
achieves reduction in size and improvement in th me- 
chanical reliability with simple structure. 
[0094] Even this embodiment can mploy the writing 
electrodes shown in Fig. 18 through Fig. 22. 
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[0095] Figs. 26(A), 26(B) and Figs. 27(A), 27(B) show 
an embodiment of the image forming apparatus accord- 
ing to the present invention, wherein Fig. 26(A) is an 
entire structural view, Fig. 26(B) is an enlarged sectional 
view of the electrode portion, and Figs. 27(A), 27(B) are 5 
views similar to Fig. 26(B) for explaining the actions of 
the apparatus shown in Figs. 26(A), 26(B). 
[0096] In Fig. 26(A), an electric writing device 3 com- 
prises a substrate 3a which is made of flexible material 
and is arranged in contact with the latent image carrier 
2 along the axial direction of a latent image carrier 2, 
and the both ends of the substrate 3a are fixed to a sup- 
porting member 10 of which both ends 1 0a are fixed by 
a fixing means 9. It should be noted that the rotational 
direction of the latent image carrier 2 is freely selected. 
[0097] As shown in Fig. 26 (B), the substrate 3a is in 
contact with the latent Image carrier 2 to have a nip (con- 
tact face) width W therebetween. The writing electrodes 
3b are formed to be arranged within the nip width W. 
That is, assuming the width of the writing electrode 3b 
in the rotational direction as P the writing electrodes 3b 
are arranged to satisfy P<W. It should be noted that "C" 
denotes the center of the nip (hereinafter, "nip center"). 
[0098] Hereinafter, actions of this embodiment having 
the aforementioned structure will be described. Fig. 27 
(A) shows a case where the supporting member 10 
shifts by "S" from the nip center C toward the down- 
stream, in the rotational direction of the latent image car- 
rier and Fig. 27(B) shows a case where the supporting 
member 1 0 shift by "S" from the nip center C toward the 
upstream in the rotational direction of the latent image 
carrier. 

[0099] As apparent form the illustrations, even when 
the position of the electrode portion 3b shifts in the cir- 
cumferential direction of the latent image carrier 2 due 
to the positional shift of the supporting member 10 or 
the latent image earner 2, the contact length between 
the latent image carrier 2 and the electrode portion 3b 
can be kept in the width P of the writing electrode, there- 
by keeping the potential of electrostatic latent images 
constant without affecting from the positional shift. As a 
result of this, this design is not or little affected by posi- 
tional shift and, as a result, can eliminate the necessity 
of high precision and high rigidity at the mounting por- 
tion. Since each writing electrode 3b is a plate-like elec- 
trode having a length in the circumferential direction of 
the latent image carrier 2 as mentioned above, the elec- 
trode portion 3b well follows the latent image carrier 2. 
This design can achieve charge injection for a long pe- 
riod so as to produce saturated charge, thereby stably 
forming high quality electrostatic latent images. This de- 
sign allows use of low voltage as the voltage to be im- 
pressed to the writing electrodes 3b, thereby eliminating 
or significantly reducing generation of ozone. 
[0100] Since th both nds of the substrate 3a are 
fixed by fixing means 9, gr ater nip width and light con- 
tact can be achieved with th simple structure, thus 
achieving reduction in size and improvement in the me- 



chanical reliability. 

[0101] It should be noted that even this embodiment 
can employ the writing electrodes shown in Fig. 18 
through Fig. 22. 

[0102] Fig. 28 is an enlarged sectional view showing 
another embodiment of the present invention. This em- 
bodiment is different from the embodiment shown in Fig. 
26 in that the electrode portion 3b is positioned outside 
of the nip width W between the latent image carrier 2 
and the substrate 3a to form a gap G between the elec- 
trode portion 3b and the latent image carrier 2. It should 
be noted that the rotational direction of the latent image 
earner 2 is freely selected. 

[0103] The gap G between the latent image carrier 2 
and the electrode portion 3b is geometrically determined 
from the distance L from the center C of the nip between 
the substrate 3a and the latent image carrier 2 to the 
electrode portion 3b. In this embodiment, since the both 
ends of the substrate 3a are fixed so that the distance 
L is held constant with high precision, thereby producing 
little fluctuation in the gap G. In addition, the distance L 
is little changed even with vibration of the latent image 
carrier 2, thus keeping the gap G constant. As a result, 
stabilized discharge can be obtained so that the result- 
ant electrostatic latent image has uniform potential and 
size. 

[0104] Fig. 29 is an enlarged sectional view showing 
another embodiment of the present invention. This em- 
bodiment is different from the embodiment shown in Fig. 
26 in that the substrate 3a is fixed at its one end by a 
fixing means 9 through a supporting member 1 0 on one 
side in the rotational direction of the latent image carrier 
2 and is kept at the other end in contact with the latent 
image carrier 2, while in the embodiment of Fig. 26, the 
both ends of the substrate 3a are fixed. The substrate 
3a is arranged in contact with the latent image carrier 2 
by a biasing force of a press member 11 to have a nip 
(contact face) width therebetween. The writing elec- 
trodes 3b are formed to be arranged within the nip width . 
It should be noted that the rotational direction of the la- 
tent image carrier 2 is freely selected. According to this 
embodiment, since the substrate 3a is supported in the 
cantilevered form, the number of components is re- 
duced, thereby achieving reduction in size and improve- 
ment in the mechanical reliability. The works and effects 
of this embodiment are the same as those of the em- 
bodiment shown in Fig. 26 so that description about the 
works and effects will be omitted. 
[0105] Fig. 30 shows a variation of the embodiment 
shown in Fig. 29, further comprising a biasing member 
12 such as a spring or a plate spring installed between 
the press member 11 and the supporting member 1 0 in 
order to ensure a greater nip face between the substrate 
3a and the latent image carrier 2 because of the biasing 
force of the biasing memb r 12. 

[0106] Fig. 31 is an enlarged sectional view showing 
another mbodiment of the present invention. In this 
embodiment, a bottom face 11a of a press member 11 
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is formed to have a configuration corresponding to the 
configuration of the nip face between the latent image 
carrier 2 and the substrate 3a. Therefore, a greater nip 
face can be obtained even with a light contact load. 
[01 07] Fig. 32 is a structural view schematically show- 
ing another embodiment of the image forming apparatus 
according to the present invention. In this embodiment, 
a substrate 3a made of rigid material is employed and 
the latent image carrier 2 made of flexible material is 
employed. 

[0108] An image forming apparatus 1 according to 
this embodiment comprises, at least, a latent image car- 
rier 2 on which an electrostatic latent image is formed 
and which is in the form of a belt and thus has flexibility, 
an electric writing device 3 having a substrate 3a which 
is made of rigid material and is disposed along the axial 
direction of the latent image carrier 2 and a plurality of 
writing electrodes 3b which are arranged in elastic con- 
tact with or in proximity to the latent image carrier 2 to 
write the electrostatic latent image on the latent image 
carrier 2, a developing device 4 which develops the elec- 
trostatic latent image on the latent image carrier 2 with 
developing powder, and a transferring device 6 which 
transfers the image developed by the developing device 
4, i. .a toner image, on the latent image carrier 2 to a 
receiving mediums such as a recording sheet. The elec- 
tric writing device 3 is supported, at its both ends, by a 
fixing means 9 in such a manner that it is arranged in 
contact with the latent image carrier 2. It should be noted 
that the latent image carrier 2 is not limited to the belt 
type and may be a drum having flexibility. 
[01 09] Fig. 33 is a structural view schematically show- 
ing a variation of the embodiment shown in Fig. 32. The 
electric writing device 3 comprises a substrate 3a made 
of non-flexible material (rigid material) and supported by 
a supporting member 10, writing electrodes 3b formed 
on the substrate 3a, a roller type press member 11 dis- 
posed to face the substrate 3a in such a manner as to 
sandwich the latent image carrier 2 therebetween, a bi- 
asing member 1 2 for biasing the press member 1 1 , and 
a supporting member 1 3 for supporting the press mem- 
ber 1 1 and the biasing member 12. In this embodiment, 
a greater nip face can be obtained between the latent 
image carrier having flexibility and the substrate 3a be- 
cause of the press member 11 . 

[0110] The image forming apparatus 1 shown In Fig. 
34 is similar to the image forming apparatus 1 shown in 
Fig. 1(A), but without the cleaning device 7, that is, it is 
a cleaner-less image forming apparatus. In the image 
forming apparatus 1 of this example, a developing roller 
4a of the developing device 4 is in contact with the latent 
image carrier 2 so as to conduct contact developing. 
[0111] In the image forming apparatus 1 , the surface 
of the latent image carrier 2 is uniformly charged by the 
charg control device, not shown, together with residual 
developing powder on the latent image carri r after the 
former transfer. Then, th writing electrodes 3b of the 
writing device 3 write an electrostatic latent image on 



the surface of the latent image carrier 2 and the residual 
developing powder by applying charge to or removing 
charge from the surface of the latent image carrier 2 and 
the surface of the residual developing powder. By the 

5 developing device 4, the latent image is developed. Dur- 
ing this, by selectively charging the writing electrodes 
3b to have the same polarity as the original polarity of 
the developing powder 8, residual developing powder 
on non-image portions of the latent image carrier 2 is 

io charged into the polarity by the writing electrodes 3b so 
as to move toward the developing device 4, while resid- 
ual developing powder on image portions of the latent 
image carrier 2 still remains on the latent image carrier 
2 as developing powder for subsequent developing. By 

*5 transferring the residual developing powder on the non- 
image portions toward the developing device 4 as men- 
tioned above, the surface of the latent image carrier 2 
can be cleaned even without the cleaning device. In par- 
ticular, a brush may be arranged at a downstream side 

20 than the transferring device 6 in the rotational direction 
of the latent image carrier 2, but not illustrated. In this 
case, the residual developing powder can be scattered 
to be uniformly distributed on the latent image carrier 2 
by this brush, thus further effectively transferring the re- 

25 sidual developing powder on the non-image portions to 
the developing device 4. 

[01 12] Rg. 35 is a view schematically showing anoth- 
er example of the image forming apparatus employing 
the writing device according to the present invention. 

30 [01 13] As shown in Fig. 35, the image forming appa- 
ratus 1 of this example is a color image forming appa- 
ratus for developing full color image by superposing de- 
veloping powder images in four colors of black K, yellow 
Y, magenta M, and cyan C on a latent image carrier 2 

35 where in the latent image carrier is in an endless belt- 
like form. This endless belt-like latent image carrier 2 is 
tightly held by two rollers 22, 23 and is rotatable in the 
clockwise direction in Fig. 35 by a driven roller, i.e. one 
of the rollers 22, 23. 

^0 [01 14] Writing devices 3 K , 3 Y , 3 M , 3 C and developing 
devices 4 K , 4y, 4 M , 4 C for the respective colors are ar- 
ranged along a straight portion of the endless belt of the 
latent image carrier 2, in the order of colors K, Y, M, C 
from the upstream of the rotational direction of the latent 

« image carrier 2. It should be understood that the devel- 
oping devices 4 K , Ay, 4 M: 4 C may be arranged in any 
order other than the illustrated one. All of the respective 
writing electrodes 3b K , 3by, 3b M , 3b c of the writing de- 
vices 3 K> 3 Y , 3 M , 3 C are formed on flexible substrates 

50 3a K , 3a y , 3a M , 3ac as mentioned above. Also in the im- 
age forming apparatus of this example, the aforemen- 
tioned charge control device is disposed adjacent to a 
straight portion of the endless belt of the latent image 
carrier 2, at a side opposite to the side where the writing 

55 devices 3 K , 3 y , 3 M , 3 C are arranged, but not illustrated. 
[0115] In the image forming apparatus 1 of this exam- 
ple having the aforementioned structure : first an elec- 
trostatic latent image for black K is written on the surfac 
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of the latent image carrier 2 by electrodes 3b K of the 
writing device 3 K for black K. The electrostatic latent im- 
age for black K is then developed by the developing de- 
vice 4 K so as to form a black developing powder image 
on the surface of the latent image carrier 2. An electro- 
static latent image for yellow Y is subsequently written 
on the surface of the latent image carrier 2 and on the 
black developing powder image, already formed : by the 
electrodes 3b Y of the writing device 3 Y foryellow Y such 
that the electrostatic latent image for yellow Y is partly 
superposed on the black developing powder image. The 
electrostatic latent image for yellow Y is then developed 
by the developing device 4 Y so as to form a yellow de- 
veloping powder imago on the surface of the latent im- 
age carrier 2. In the same manner, an electrostatic latent 
image for magenta M is subsequently written on the sur- 
face of the latent image carrier 2 and on the black and 
yellow developing powder images, already formed, by 
the lectrodes 3b M of the writing device 3 M for magenta 
M such that the electrostatic latent image for magenta 
M is partly superposed on the black and yellow devel- 
oping powder images. The electrostatic latent image for 
magenta M is then developed by the developing device 
4 M so as to form a magenta developing powder image 
on the black and yellow developing powder images and 
the surface of the latent image carrier 2. Moreover, an 
electrostatic latent image for cyan C is subsequently 
written on the surface of the latent image carrier 2 and 
on the black, yellow and magenta developing powder 
images, already formed, by the electrodes 3b c of the 
writing device 3 C for cyan C such that the electrostatic 
latent image for cyan C is partly superposed on the 
black, yellow and magenta developing powder images. 
The electrostatic latent image for cyan C is then devel- 
oped by the developing device 4 C so as to form a cyan 
developing powder image on the black, yellow and ma- 
genta developing powder images and the surface of the 
latent image carrier 2. These developing powder images 
are toned. Then, these developing powder images are 
transferred to the receiving medium 5 by the transferring 
device 6 to form a multicolored developing powder im- 
age on the receiving medium 5. It should be understood 
that the developing powder of colors may be deposited 
in any order other than the aforementioned order. 
[0116] Accordingly, employment of the writing devic- 
es 3 of the present invention still achieves reduction in 
siz and simplification of the structure of such a color 
image forming apparatus for forming a multicolored de- 
veloping powder image by superposing and toning the 
developing powder images for the respective colors on 
a latent image carrier 2. 

[01 1 7] Fig. 36 is a view schematically showing still an- 
other example of the image forming apparatus employ- 
ing the writing device according to the present invention. 
[01 18] As shown in Fig. 36, the image forming appa- 
ratus 1 of this example comprises image forming units 
1 k» 1 c» 1 m> 1 y f° r tne respective colors which are ar- 
ranged in tandem in this order from the upstream in the 



feeding direction of a receiving medium 5. It should be 
understood that the image forming units 1 K , 1 c , 1 M , 1 Y 
may be arranged in any order. The image forming units 
1 k- 1 c» 1 m« 1 Y comprise latent image carriers 2 K ,2 C , 2 M , 

5 2 Y , writing devices 3 K , 3 C , 3 M , 3 Y , developing devices 
4 c» 4 M' 4 y> and transferring devices 6 K , 6 C , 6 M , 6 Y , 
respectively. In the image forming units 1 K , 1 c , 1 M , 1 Y 
of this example t but not shown, the aforementioned 
charge control devices 7 may be disposed on the up- 

io stream sides of the writing devices 3 K , 3 C , 3 M , 3 Y in the 
rotational direction of the latent image carriers 2 K , 2c, 
2 M , 2 Y , respectively. 

[01 19] The actions of the image forming apparatus 1 
of this example having the aforementioned structure will 
is now be described. First in the image forming unit 1 K for 
black K, after the surface of the latent image carrier 2 K 
is uniformly charged by the charge control device 7 for 
black K, an electrostatic latent image for black K is writ- 
ten on the surface of the latent image carrier 2 K by the 
electrodes 3b K of the writing device 3 K . The electrostatic 
latent image for black K is then developed by the devel- 
oping device 4 K so as to form a black developing powder 
image on the surface of the latent image carrier 2 K . The 
black developing powder image on the latent image car- 
rier 2 K is transferred to the receiving medium 5 by the 
transferring device 6 K supplied so as to form a black 
developing powder image on the receiving medium 5. 
Subsequently, in the image forming unit 1 c for cyan C, 
after the surface of the latent image earner 2 C is uni- 
formly charged by the charge control device 7 for cyan 
C, an electrostatic latent image for cyan C is written on 
the surface of the latent image carrier 2 C by the elec- 
trodes 3b c of the writing device 3 C . The electrostatic la- 
tent image for cyan C is then developed by the devel- 
oping device 4 C so as to form a cyan developing powder 
image on the surface of the latent image carrier 2 C , The 
cyan developing powder image on the latent image car- 
rier 2 C is transferred to the receiving medium 5 by the 
transferring device 6 c , supplied and already having the 
black developing powder image thereon, such that the 
cyan developing powder image is formed to be partly 
superposed on the black developing powder image on 
the receiving medium 5. In the same manner, in the im- 
age forming unit 1 M for magenta M, an electrostatic la- 
tent image for magenta M is written on the surface of 
the latent image carrier 2 M by the electrodes 3b M of the 
writing device 3 M and then developed by the developing 
device 4^ to form a magenta developing powder image, 
and the magenta developing powder image is trans- 
ferred to the receiving medium 5 by the transferring de- 
vice 6 M such that the magenta developing powder im- 
age is formed and partly superposed on the developing 
powder images already formed on the receiving medium 
5. After that, in the image forming unit 1 Y for yellow Y, 
an electrostatic latent imag for yellow Y is written on 
the surface of the lat nt image carrier 2 Y by the elec- 
trodes 3b Y of the writing device 3 Y and th n developed 
by the developing device 4y to form a yellow developing 
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powder image on the latent image earner 2Y, and the 
yellow developing powder image is transferred to the re- 
ceiving medium 5 by the transferring device 6V, thereby 
superposing the developing powder images for the re- 
spective colors to produce a toned multicolored devel- 
oping powder image on the receiving medium 5. 
[0120] Accordingly, employment of the writing devic- 
es 3 of the present invention still achieves reduction in 
size and simplification of the structure of such a color 
image forming apparatus comprising image forming 
units 1 K , 1 c , 1 M> 1 Y for the respective colors arranged 
in tandem. 

[01 21 ] Fig. 37 is a view schematically showing further 
another example of the image forming apparatus em- 
ploying the writing device according to the present in- 
vention. 

[0122] In the image forming apparatus 1 of the exam- 
ple shown in Fig. 36 comprising the image forming units 
1 K» 1 c» 1 m» 1 y f° r tne respective colors which are ar- 
ranged in tandem, respective color developing powder 
images formed on the latent image carriers 2 K , 2q, 2 m , 
2 Y of the image forming units 1 K , 1 c , 1 M , 1 Y are trans- 
ferred to the receiving medium 5 at every unit 1 K , 1 c , 
1 M , 1 Y . In the image forming apparatus 1 of this exam- 
ple, however, the respective color developing powder 
imag s are temporally transferred to another medium 
before transferred to the receiving medium 5 as shown 
in Fig. 37. That is, the image forming apparatus 1 of this 
example is different from the image forming apparatus 
1 of the example shown in Fig. 36 by including an inter- 
mediate transferring device 24. The intermediate trans- 
ferring device 24 comprises an intermediate transferring 
member 25 taking the form as an endless belt. This in- 
termediate transferring member 25 is tightly held by two 
rollers 26, 27 and is rotated in the counter-clockwise di- 
rection in Fig. 37 by the drive of one of the rollers 26, 
27. Image forming units 1 K , 1 c , 1 M , 1 Y are arranged 
along a straight portion of the intermediate transferring 
member 25. Further, the image forming apparatus 1 has 
a transferring device 6 disposed adjacent to the roller 
27. The other structures of the image forming apparatus 
1 of this example are the same as those of the image 
forming apparatus 1 of the example shown in Fig. 36. 
[01 23] I n the image forming apparatus 1 of this exam- 
ple having the aforementioned structure, developing 
powder images for the respective colors are formed on 
the latent image carriers 2 K , 2 C , 2 M , 2 Y in the same man- 
ner as the image forming apparatus 1 of the example 
shown in Fig. 36, and the developing powder images for 
the respective colors are transferred to the intermediate 
transferring member 25 to be superposed and toned on 
each other in the same manner as the case of transfer- 
ring developing powder images to the receiving medium 
5 as shown in Fig. 36. The developing powder images 
for the respective colors temporally transferred to the 
intermediate transferring member 25 are transferred to 
the receiving medium 5 by the transferring devic 6 so 
as to form a multicolored developing powder image on 



the receiving medium 5. The other actions of the image 
forming apparatus 1 of this example are the same as 
those of the image forming apparatus 1 of the example 
shown in Fig. 36. 

5 [0124] Accordingly, employment of the writing devic- 
es 3 of the present invention still achieves reduction in 
size and simplification of the structure of such a color 
image forming apparatus comprising an intermediate 
transferring device 24 and image forming unit 1 K , 1 c , 

10 1 M« 1 y tor tne respective colors arranged in tandem. 



Claims 

is 1 . An image forming apparatus comprising a latent im- 
age carrier and a substrate on which a plurality of 
writing electrodes are formed along the axial direc- 
tion of said latent image carrier, being character- 
ized in that said latent image carrier and said sub- 
strate are arranged in elastic contact with each oth- 
er so as to form an electrostatic latent image on the 
latent image carrier. 

An image forming apparatus as claimed in claim 1 , 
being characterized in that both said latent image 
carrier and the substrate have flexibility. 

An image forming apparatus as claimed in claim 1 , 
being characterized in that said latent image car- 
rier is made of a rigid member and said substrate 
has flexibility. 

An image forming apparatus as claimed in claim 1 , 
being characterized in that said latent image car- 
rier has flexibility and said substrate is made of a 
rigid member. 

An image forming apparatus as claimed in any one 
of claim 1 through 4, being characterized in that 
said writing electrodes are formed within a contact 
area where said latent image carrier and the sub- 
strate are in contact with each other. 

An image forming apparatus as claimed in claim 5, 
being characterized in that said writing electrodes 
are aligned in a plurality of rows each extending in 
the axial direction of the latent image carrier and the 
positional relation between the writing electrodes in 
the adjacent rows is a zigzag fashion. 

An image forming apparatus as claimed in claim 3, 
being characterized in that every two of said writ- 
ing electrodes are offset to be overlapped with each 
other in the rotational direction of said lat nt imag 
carri r. 

8. An image forming apparatus as claimed in claim 3, 
being characterized in that said substrate is ar- 
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ranged so that an edge of the end thereof Is not in 
contact with said latent image carrier. 

9. An image forming apparatus as claimed in claim 3, 
being characterized in that said writing electrodes 
write the electrostatic latent image on said latent im- 
age carrier, and said substrate is folded double to 
have a hair pin curve. 

10. An image forming apparatus as claimed in claim 9, 
being characterized in that a shield is interposed 
between the both ends of said flexible substrate 
which is folded double to have a hair pin curve. 

1 1 . An image forming apparatus forforming an electro- 
static latent image on a latent image carrier by using 
an electric writing device provided with a plurality of 
writing electrodes which are in contact with or in 
proximity to the latent image carrier along the axial 
direction of the latent image carrier, being charac- 
t rized in that said electric writing device compris- 
es a substrate of which one end is fixed to a fixing 
portion on the upstream side in the rotational direc- 
tion of the latent image carrier and the other end is 
arranged in elastic contact with the latent image car- 
rier, and an electrode portion which is formed within 
a contact area where the substrate and the latent 
image carrier are in contact with each other 

12. An image forming apparatus forforming an electro- 
static latent image on a latent image carrier by using 
an electric writing device provided with a plurality of 
writing electrodes which are in contact with or in 
proximity to the latent image carrier along the axial 
direction of the latent image carrier, being charac- 
terized in that said electric writing device compris- 
es a substrate of which one end is fixed to a fixing 
portion on the upstream side in the rotational direc- 
tion of the latent image carrier and the other end is 
arranged in elastic contact with the latent image car- 
rier, and an electrode portion which is formed to be 
longer than the width of a contact area where the 
substrate and the latent image carrier are in contact 
with each other. 

13. An image forming apparatus for forming an electro- 
static latent image on a latent image carrier by using 
an electric writing device provided with a plurality of 
writing electrodes which are in contact with or in 
proximity to the latent image carrier along the axial 
direction of the latent image carrier, being charac- 
terized in that said electric writing device compris- 
es a substrate of which one end is fixed to a fixing 
portion on the upstream side in the rotational direc- 
tion of th latent image carrier and the other end is 
arranged in lastic contact with the latent image car- 
ri r, and an electrode portion which is formed out- 
side of a contact area where the substrate and the 



latent image carrier are in contact with each other. 

14. An image forming apparatus as claimed in any one 
of claims 11 through 13, being characterized in 
5 that said electrode portion is composed of the writ- 
ing electrodes each of which is formed in plate-like 
shape having a length in the circumferential direc- 
tion of the latent image carrier. 

10 15. An image forming apparatus as claimed in any one 
of claims 11 through 13, being characterized in 
that said substrate is made of a flexible material and 
said latent image carrier is made of a non-elastic 
material. 

16. An image forming apparatus as claimed in any one 
of claims 11 through 13, being characterized in 
that said substrate is made of non-flexible material 
and said latent image carrier is made of an elastic 
material. 

17. An image forming apparatus for forming an electro- 
static latent image on a latent image carrier by using 
an electric writing device provided with a plurality of 
writing electrodes which are in contact with or in 
proximity to the latent image earner along the axial 
direction of the latent image carrier, being charac- 
terized in that said electric writing device compris- 
es a substrate of which one end is fixed to a fixing 
portion on the downstream side in the rotational di- 
rection of the latent image carrier and the other end 
is arranged in elastic contact with the latent image 
carrier, and an electrode portion which is formed 
within a contact area where the substrate and the 
latent image carrier are in contact with each other. 

1 8. An image forming apparatus for forming an electro- 
static latent image on a latent image carrier by using 
an electric writing device provided with a plurality of 
writing electrodes which are in contact with or in 
proximity to the latent image carrier along the axial 
direction of the latent image carrier, being charac- 
terized in that said electric writing device compris- 
es a substrate of which one end is fixed to a fixing 
portion on the downstream side in the rotational di- 
rection of the latent image carrier and the other end 
is arranged in elastic contact with the latent image 
carrier, and an electrode portion which is formed to 
be longer than the width of a contact area where the 
substrate and the latent image carrier are in contact 
with each other. 

1 9. An image forming apparatus for forming an electro- 
static latent imag on a latent imag carrier by using 
an electric writing device provided with a plurality of 
writing electrodes which are in contact with or in 
proximity to the latent image earner along th axial 
direction of the latent image carrier, being chara - 
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terized in that said electric writing device compris- 
es a substrate of which one end is fixed to a fixing 
portion on the downstream side in the rotational di- 
rection of the latent image carrier and the other end 
is arranged in elastic contact with the latent image 
carrier, and an electrode portion which is formed 
outside of a contact area where the substrate and 
the latent image earner are in contact with each oth- 
er. 

20. An image forming apparatus as claimed in any one 
of claims 17 through 19. being characterized in 
that said electrode portion is composed of the writ- 
ing electrodes each of which is formed in plate-like 
shape having a length in the circumferential direc- 
tion of the latent image earner. 

21. An image forming apparatus as claimed in any one 
of claims 17 through 19. being characterized in 
that said substrate is made of a flexible material and 
said latent image earner is made of a non-elastic 
material. 

22. An image forming apparatus as claimed in any one 
of claims 17 through 19. being characterized in 
that said substrate is made of non-flexible material 
and said latent image carrier is made of an elastic 
material. 

23. An image forming apparatus for forming an electro- 
static latent image on a latent image carrier by using 
an electric writing device provided with a plurality of 
writing electrodes which are in contact with or in 
proximity to the latent image carrier along the axial 
direction of the latent image carrier, being charac- 
terized in that said writing electrodes are disposed 
on a substrate which is arranged in elastic contact 
with said latent image carrier to have a nip width 
therebetween. 

24. An image forming apparatus as claimed in claim 23, 
being characterized in that the writing electrodes 
are formed within said nip width. 

25. An image forming apparatus as claimed in claim 23, 
being characterized in that said writing electrodes 
are aligned in a plurality of rows each extending in 
the axial direction of the latent image carrier and the 
positional relation between the writing electrodes in 
the adjacent rows is a zigzag fashion. 

26. An image forming apparatus as claimed in claim 23, 
b ing characterized in that said writing electrodes 
are form d outside of said nip width. 

27. An image forming apparatus as claimed in claim 23, 
being characterized in that said writing electrodes 
are writing electrodes each of which is formed in 



plate-like shape having a I ngth in the circumferen- 
tial direction of the latent image carrier 

28. An image forming apparatus for forming an electro- 
5 static latent image on a latent image carrier by using 

an electric writing device provided with a plurality of 
writing electrodes which are in contact with or in 
proximity to the latent image carrier along the axial 
direction of the latent image carrier, being charac- 
terized in that said electric writing device compris- 
es a substrate of which both ends are supported by 
a fixing means to be in elastic contact with the latent 
image carrier, and an electrode portion which is 
formed within a contact area where the substrate 
and the latent image carrier are in contact with each 
other. 

29. An image forming apparatus for forming an electro- 
static latent image on a latent image carrier by using 
an electric writing device provided with a plurality of 
writing electrodes which are in contact with or in 
proximity to the latent image earner along the axial 
direction of the latent image carrier, being charac- 
terized in that said electric writing device compris- 
es a substrate of which both ends are supported by 
a fixing means to be in elastic contact with the latent 
image carrier, and an electrode portion which is 
formed outside of a contact area where the sub- 
strate and the latent image carrier are in contact 
with each other. 

30. An image forming apparatus as claimed in claim 28, 
being characterized in that said electrode portion 
are composed of the writing electrodes which are 
aligned in a plurality of rows each extending in the 
axial direction of the latent image carrier and the po- 
sitional relation between the writing electrodes in 
the adjacent rows is a zigzag fashion. 

31 . An image forming apparatus for forming an electro- 
static latent image on a latent image carrier by using 
an electric writing device provided with a plurality of 
writing electrodes which are in contact with or in 
proximity to the latent image carrier along the axial 
direction of the latent image carrier, being charac- 
terized in that said writing electrodes are formed 
on a substrate, that either one of said substrate and 
said latent image carrier has flexibility and a press 
member for pressing said substrate or said latent 
image carrier is provided On said one having flexi- 
bility. 

32. An image forming apparatus as claimed in claim 31 , 
wherein said substrate has flexibility and is fixed at 
both of the upstream side and the downstream side 
in the rotational direction of the latent image carrier. 

33. An image forming apparatus as claimed in claim 31 , 
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wherein said substrate has flexibility and is fixed at 
the upstream side or the downstream side in the ro- 
tational direction of the latent image carrier. 

34. An image forming apparatus as claimed in claim 31 , 5 
wherein said press member is biased by a biasing 
member. 

35. An image forming apparatus as claimed in claim 31 , 
wherein said substrate has flexibility and said press 10 
member is formed to have a configuration corre- 
sponding to the configuration of a contact portion of 
said substrate relative to said latent image carrier. 
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